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PREFACE. 



TiTE chief design of this manual is to meet the require- 
ments of pupils preparing for the first-stage examina- 
tions of the Science and Art Department in Animal 
Physiology ; consequently due regard has been paid to 
the syllabus of the Department. 

In an elementary work on Physiology much space is 
necessarily occupied by anatomical descriptions. The 
coarse adopted in the following pages is to describe 
each part fully before referring to its uses. 

A simple sketch of Human Anatomy and Physiology 
is given in Chapters I. and II., whichi will serve as an 
easy introduction for beginners. Afterwards the various 
parts are treated of ^ separately and in detail ; this 
portion, although intended more especially for junior 
pupils, will, it is believed, be found serviceable to more 
advanced students. 

The importance to the student of having practical 
acquaintance with the objects studied, has been fully 
recognised throughout the work. And an endeavour 
is made to smooth the difficulties which beginners 
usually experience in this direction, by giving such 
instructions as will enable the pupil from the outset to 
begin working for himself. 

The final chapter is devoted to Practical Histology. 
In the body of the work the minute structure of many 
organs is described ; but as the preparation of the various 
parts for examination with the mi^to^^<3^^ ^^^a^^"?^ 
considerable skill, it has "been VJnow^^ ^nT^ssS^^^ ^^"^ 
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defer giving instruction in this branch until the student 
has acquired some proficiency in ordinary dissection. 

The practical work required of the pupil is graduated, 
commencing with the simplest operations, and termi- 
nating with such as require more skill and knowledge 
on the part of the operator. 

For much of the matter of the work, the author 
desires to acknowledge his indebtedness to the writings 
and lectures of Professor Huxley; and also to the 
works of Carpenter, Foster, Kirke, KoUiker, Klein, 
Marshall, Quain, Rutherford, Sanderson, etc. 

The sources whence most of the illustrations have 
been taken, is acknowledged in the text ; the originals 
of others will be found in the works of Bourgery and 
Jacob, Kieman, Marshall, Quain, and Sappey. They 
number nearly one hundred, and have been drawn for 
the most part by Mrs. S. B. J. Skerfcchly, to whom the 
author desires to tender his best thanks; as also to 
Mr. G. Irons for the care he has bestowed upon the 
wood-engraving. E. T. N. 

Auguatf 1875. 



SECOND EDITION. 

The rapid sale of the First Edition affords an early 
opportunity of correcting a few trifling errors, and of 
making sundry improvements in the text. The author 
also seizes the occasion for strongly recommending 
pupils to make drawings of all their dissections, and of 
the various histological structures exhibited by the 
tissues under the microscope. E. T. N. 

November J 1875. 
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ANIMAL 

PHYSIOLOGY. 



mTRODUOTIOK 

Animal Physiology la that branch of Biology, or the 
Science of Life, which treats of the uses of the yarions 
parts' or organs of Animal Bodies. Anatomy is another 
branch, which deals specially with the construction and 
arra/ngement of the different organs. The study of those 
more deUcate structures of the organs which require 
the aid of the microscope for their examination, is 
termed Histology. 

As it is impossible properly to understand the uses of 
the different parts, without a knowledge of their struc- 
ture and arrangement, it becomes necessary to some 
extent to study Anatomy before or together with 
Physiology. And as it is of the greatest importance to 
have a knowledge of the structure of the Human Body ; 
while at the same time more is known about it than 
about the bodies of any of the lower animals, it has been 
deemed advisable to devote the first chapter to a general 
view of Human Anatomy, 

In a work like the present, technical terms cannot be 
avoided, and some are so frequently used that it will 
be well to explain their meaning at the outset. 

Any portion of the body set apart fot «>i ^"^^^SsSl tj^sr^ 
is termed an or^an, and the oflice ^\i\c\i \.y. ^\)^^^'t^^^ "^ 
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called lis function ; thus, the function of the organ called 
the eye is sight. 

Living bodies are termed orgamsms^ because they all 
possess organs of greater or less complexity. 

Substancea which are solely derived from organisms 
are termed orgcmic, such as bone, hair, fat, gelatin, etc. ; 
while substances obtainable from other sources are called 
inorganic ; for example, lime, salt, etc. 

The manner in which any paii is built up is commonly 
spoken of as its structure, and the entire part is fre- 
quently called a structure : for instance, an organ may 
be described as a simple or complex structure ; or we 
may say that its structure or construction is simple or 
complex. 

The elementary structures of which any organ is com- 
posed are called tissues : for example, we speak of hony 
or osseous tissue^ of mtescular tissue and of nerve tissue ; 
a delicate membranous substance, which is found very 
constantly throughout the body, and serves to bind the 
parts together, is termed connective tissue, 
- Many tissues consist of a great number of minute 
rounded particles, termed cells (p. 158), and are hence 
called cellular tissues ; the epidermis or outer layer of 
the skin, is a good example of this kind of tissue. 



CHAPTER I. 
HUMAN ANATOMY. 

General Structure of the Body. A glance at tho 
hnman body shows that it consists of a nnmber of dis- 
tinct parts, as the head, the tnmJc, the upper limbs, or 
armsy and the lower liml3S, or legs. Each of these parts 
is as distinctly separable into other portions. 

Thus the head comprises the face and the cram>ium, 
or brain- case. The face is made np of the parts com- 
monly c&lled features ; viz., the eyes, nose, mouth, etc. 

The trunk is divided into an upper portion called the 
chest, or thorax, and a lower named the belly, or abdomen. 

Each arm consists of upper arm, lower arm, hand, and 
fingers ; and each leg of thigh, leg proper, foot, and toes. 

The body is completely ensheathed in a tough cover- 
ing called the shin, which is provided with hairs over 
almost the whole of its surface, those upon the head and 
face being the most obvious. At the various apertures 
of the body, such as the mouth, nose, etc., the skin seems 
to stop and be replaced by a much more delicate struc- 
ture, which, on account of its continually giving out a 
viscid fluid called mucus, is known as mucous membrane. 
The mucous membrane is a continuation of the skin, 
and lines all cavities of the body opening externally. 

When the skin is removed, the muscles, which are the 
chief (p. 145) organs of motion, come into view. They 
form the greater part of the fleshy portions of the 
body, and consist of red fleshy masses or bundles of 
various shapes, which possess the power of contracting, 
under certain influences. Each muscle is covered by a 
membranous sheath composed of connective tissue (p. 2), 
which, in many muscles, becomes thicker towards the 
ends, forming the strong cords, or tendons, by which 
these inuscles are attached to the bones or othe\: -^-^x^^f* 



* For further account of muBcles see "^y- "VV; , \^^ , ^*^^ 
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The Skeleton, or Internal Support of the Body. 
Tho body is supported by a strong and firm bat mobile 
framework called tbofteZeftm, composed of a considerable 
number ot hones and cartilages (p. 162). 

Tbe skeleton not only gives enp- 
port to tbe other portions of tbo 
body, bat some of its parts act as 
rigid bars or levers, which are set 
in motion by the contractions of the 
mnscles. Other parta serve as a 
protection to the more delicate 
organs. 

A front view of the skeleton 13 
given in fig. 1. It is divisible, like 
the body generally, into trank, 
head, and limbs. Bach of these 
parts will now be considered sepa- 
rately. 

Bones of the Trunk. The bones 
of the tnmk are the verfebne, ribs, 
stenmm, pelvis, scapnlse, etc. 

The veriebrcB. The chain of bones 
known as the vertebral column, or 
backbone (fig. 3), forms the prin- 
cipal support of the trank. It is 
composed in infancy of S3 seg- 
ments, or vertebne ; certain of j j i 
which become firmly united as life | •. 
advances, so that the nnmber 
of separate bones in an adnlt is 
less than in a yoang child. The 
first seven vertebrre, counting from 
the top, are called cervical ; then e { 
follow the twelve thoracic vertebras, „ j 
to which the ribs are attached ; next I 
come tbe five lumbar vertebne; fol- 
lowing these, come five vertebr», , 
which, at an early period of life '« 
become onited, and form one bone, wW\\ \& \«na.'(& '^ioa _ 
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side is a bone of irregular form termed the ot innoini- 
italum (fig. 6). It consists of three portions, which in 




infancy are three eeparate bones. The upper portion 
is termed the ilium, the lower and hinder the ischium, 
and the lower and &ont, the pubis. These three bones 
meet in the centre of the os {niuymtnatum, and form a 
deep cnp, termed the acetdbuhim, into which the head 
of the thighbone fits. The two pnhes meet in the 
middle line in front. The two ossa tNnomtnafo, with 
the tacntm and the coccyx, fonn \ih» ;i^e\mB. 



ASIKAI, PBTaiOLOOT. 

Ipjite, elc. Upon eact side of the npper and 

if tlie thorax tliero ia a bone termed the eeapith, 

e (fig. 7). Ita shape is that of an irrepil*'' 

|io base of which is turned towards the Bpiual 

9 opposite angle, directed npwardB and out- 

imes enlarged so as to form a cap-like 

I calJod the glenoid enviiy, to which the bone 

fer arm is attached. Upon tlie ooter anrtace 

pnla there ia a erest or spine, which extends 

npi»or part, and projects over the glenoiii 

e it foriiiB the acromion process. From this 

36 called the duvi'def or collar-bone, extends 

r part of tho eleruum, to which it is firmly 

'"lo Bcnpulai are kept in position chiefly bj 

, or Bones of the Head. The bonea of 

generally separated into two main diri- 

of the cranium, (2) those of the face. 

Iry young child the etcidl consists of a great 

T separate bones ; but as life adyances these 

Q and more nnited. It is generally stated 

I skull of an adult there are twenty-two 

loa, of which eight form tho cranium,, and 

le/ace. 

f the Craniv,m. The cranium, that part oi 
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separates the cranial cavity From the cbambers of the 
nose ; this bone also Bends down a perpendionlar plate 
between the two naeal chambers. 

(/) Upon each side of the Bkall is the bone known 
as the squamosal or temporal bone, which coutEuns the 
organ of bearitig. 

2. Bones of the Face. The fourteen bones nsnall/ 
reckoned as belonging to the face are as follows: — 




(rt) Two iiasal bones forming the upper part of the 

(6) Two superior maxiUaries bearing the teeth of the 
upper jaw, and, meeting in the middle line, form the 
front part of the roof of the month. 

(c) Upon each aide is the mai<w ot 311,901 \»Tiai«*- 
tending from tJie anperior nualllshcy WiVRas&a "wi '*^«' 
temporal bona. 
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((!) Attached to the inner aad back portioa of the 
superior maaillaricB are the two palatines, which also 
form part of the roof of the month, and, with the 
maxillarieB, separate the month from the nasal chambers, 
(e) The isomer, a single hone ■which mns from before 
backwards, directly ahove the line in which tho two 
snperior maxillaries meet : this bone is immediately 
below the porpendionlar plate 
of the ethmoid, and partly 
Beparates the two nasal cham- 
bers. 

if) Cpon the iimer and 
' upper part of each superior 
masillary, and conseqaently 
within the nasal- chamber, is 
a delicate scroll-like bone, 
termed the inferior Hrlinal. 

(f ) Each of the cavities, or 
orhitg, in which the eyes are 
lodged, has npon its inner 
^side a small bone, called the 
laehrymal bone, pierced by a 
canal -which opens below into 
the nasal chamber (p, 140). 

(h) The lower jaw, or in- 
ferior manNJlary as it is some- 
times called, is commonlyreck- 
oued as one bone. 

The Hyoid. The hyoid is 

not nsnally reckoned as be- 

lon^Dg to the face; it con- 

^^ eists of several bones which 

e placed in the hack pari of 

^ the tongne, and is attached to 

uuu^'- *^ skull by two cords, or K- 

~iiu.;i.<iKkii,«™i. ufinui.) Bonea of the Arm. The 
upper arm has one bone c^led the Jmmeruf (fig. 9), the 
upper end of which possesses a loaaded hoajd, to articalato, 
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loid cavity of the Bcftpnia. The 
*ith the two bones of the lower 
arm. 

The lower arm possesses two bones, the radius and uhm 
(fig. 10). These bones move, not only npon the end of the 
hnmems, bnt also npon one another. The ulna projects 
behind the tamems, and forms the elbow. When the 
arm hangs down and the palm of the hand is turned 
forwards, the nhtd is upon ihs inner and the radios upon 
the outer side, the two hcgn fa a 4 

being parallel When the 
back of the hand is turned 
forwards, tlie upper end of 
the tadins tarns npon its 
axis, while the lower end 
passes over the Tdna, so 
that they become crossed, 
the thumb being carried 
over with the radios. 

When the radius is pa- 
rallel to the nlna, the hand ' 
is said to be tupine; 1 
when the radius lies across i 
the ulna, the hand is aaHi 1 
to )x prone. i, 

Tho hand is diyided into ' W 
three parts ; (a) the carpia, 
or wnst ; (6) tlie metacar- 
pwe, or palm ; and (c) tho 
digits, or fingers. The car- ^j,];^,; 
pus contains eight bones, u^om:* _ _ 

arranged in tfro rows. The iiito.1i i' i, i.'i" iiiiiiiJ". («iif'i-t_ 
meiaearput is composed of five bones, corresponding to 
the five digrte. The thumb, or first digit, has two 
bones, while eH the other digite of the hand have three 
each. The bones of the digits are termed phalanges. 

BonesoftheLeg. Thethighhae one bone, the /emtt?- 
(fig. 12), the upper rounded head of which fits into tho 
acetabulum of the ob innomiualum. TVe\«^«c «o& •* 
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skeleton an held tof^Hier in Beveral tnjB. In soma 
cases th^ becxtme firmly united by bony matter, as in 
the veitebrs forming the gaentm. In others, as in 
the akiill, they are united by 
toothed edges or simply over- 
lap, nniona of this kind beii^ 
termed mturet. 

Other bones are united by 
the interposition of cartilage, 
which is firmly attached to 
both the bony snrfaces. The 
bodies of the vertebrro are 
nnited in this manner, Kad ths " 
ribs are similarly connected 
with the Btemiim by the inter- 
position of the eotial eartilagei. 

When bones are freely mov- 
fthle npon one another they 
form what are oommonly 
known as jomU. In snoh oases 
the articnjating surfaces of the , 
bones are covered by a thin I 
layer of smooth cartilage, and j ' 
are kept in position h^ strong 
fibrons bands called hgamenta, 
which are so arranged as to 
keep the bones firmly together, 
while allowing them to move 
upon one another. The rarions 
kinds of joints will be con- ! 
sidered in another place &£; i 
(p. 149). '*"-• 

Contents of the Thorax. The general arrangement 
of the organs in the cavities of the body has now to be 
considered. When the front wall of the thorax is re- 
moved, as shown in the upper part of fig. 15, the 
greater part of the organs which it contains may bo seen. 

The Heart, (Fig. 30). This most iin5Qita.\A. (st^i-S^ 
placed nesrlj m the middle of the t\xQrwna •a.VA'^ . »•"■*" 
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have thin walls, and are termed tlie right and left auri- 
cles. The other two chambers, occnpying the lower part 
of the heart, have thick walls, and are called the right 
and left ventricles. The heart is enclosed in a mem- 
branons bag, called the pericardium. The month of this 
bag is attached to the large vessels passing off from 
the npper part of the heart. The membrane, however, 
does not end here, bnt is tamed inwards, and reflected 
over the entire surface of the heart. In this way a bag 
is formed within a bag, leaving between them a closed 
space, which contains a fluid termed the pericardial 
fluid. The part of the membrane forming the inner bag 
adheres closely to the heart. 

The heart is the organ by which the blood is forced 
through the set of tubes or vessels called arteries ana 
veins, in order that this most important fluid may be dis- 
tributed to all parts of the body. 

Bloodvessels, The vessels by which the blood is car- 
ried atvay from the heart are the arteries, while those 
bringing the blood hack to the heart are termed veins. 

From the upper part of the left verd^iide arises a large 
artery termed the aorta, which arching upwards and 
backwards comes to lie against the back wall of the 
thorax, and then descends towards the abdomen. From 
this arch of the aorta three large arteries are given off, 
one of which very soon divides into two, so that there 
are virtually four of these vessels. Two of these, the 
right and left subclavian arteries, pass to the right and 
left arms. The other two, the right and left carotid 
arteries, run up on either side of the neck to supply the 
head. 

From the upper part of the right ventricle, another 
large vessel, the pulmonary artery, passes off, and divides 
into two branches, one going to each lung. Other 
vessels pass from the lungs back to the left auricle, these 
are the pulmonary veins. The vessels which bring back 
the blood from the head and upper parts of the body, 
open into one large vein, the superior vena caua. Tt«i 
inferior vena hava receives tlie blood Teteos!iiYB%Vcw».*^^ 
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lower parts of the body. Boiih veruB cavcB open into tlie 
right auricle. 

The Lungs, At the sides of the thoracic cavity are the 
two lungs. When the thorax is entire, the lungs occupy 
by far tibe greater part of its cavity, and are in contact 
with its walls ; but when the thorax is opened, the lungs 
immediately shrink very considerably. Each lung is 
contained in a double- walled sac termed a pleura, which 
is similar to the pericardium. The inner wall of each 
pleura is attached to the surface of the lung, and the 
outer wall is in contact with the wall of the thorax. 
From each lung a large tube, or hronchus, arises. These 
join to form the irachea, which passes upwards and opens 
mto the pharynx at the back of the mouth. The trachea 
is the passage by which air passes to and from the 
lungs. 

The (Esophagus, Directly behind the trachea, and 
attached to it, is the oesophagus, the upper and enlarged 
portion of which is termed the pharynx. The oesophagus 
is a wide tube communicating with the mouth above, 
and passing downwards into the stomach: it is the 
passage by which the food is conveyed from the mouth. 

Tlie Diaphragm, The- floor of the thoracic cavity is 
formed by a strong partition, partly muscular, called 
the diaphragm, which separates the thoracic from the 
abdominal cavity. The oesophagus, bloodvessels, etc., 
which pass from one of these cavities to the other, have 
to pass through the diaphragm. 

Nerves. A double series of white-looking bodies, 
connected by delicate white cords, forms an irregular 
double chain upon the back of both the abdominal 
and thoracic cavities : these are the chief parts of what 
is termed the sympathetic nervous system. 

Contents of the Abdomen. The Stomach, Soon 

alter passing through the diaphragm the oesophagus 

opens into the stomach, a muscular sac, pyrif orm in shape, 

with thick strong walls. The larger, or ca/rdia^ end of 

ibe stomach receivea the oesophagus ; while the smaller, 

orj^lorio extrendbj is continued mio Vk© mV^a^caa, 
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ia its fold of peritoneam, is sapported by being thus 
attached to the edge as it were of the mesentery. 

The Cavities of the Skull and Spinal Colmnn. 
When a human body is cnt down the middle line into 
two lateral halves, as Ehown in fig. o, the bodies of 
the vertebrn, which 



Iiave been 
throngh, will be 
seen Bepamting the 
thoracic and ab- 
dominal cavities 
which are situated 
upon their front or 
venlral aspect, from 
the mocn smaller 
cavity of the neural 
eatuu seen at their 
back or dorsal sur- 
face. The Bpinal 
canal, formed by 
the neoral arches 
of the vertebne, be ' 
comes gmdnally 
smaller at its lower 
part; bnt is con- 
tinnons above with 
the eavitt/ of the 
skull (fig. 17). 

In the trnnk the 
ventral or abdomi- 
nal and thoracic 
cavities are much 
larger than the dor- —'—"'■ 

sal cavity, or spinal canal. In the head this is reversed, 
the ventral cavity, formed by the month and nasal cham- 
bers, being smaller than the dorsal cavity, or brain case. 

The Brain ami S^iinal Cord. The great cavity of the 
human sknll ia chiefly occnpied by two large ootwo\o-'u»i^ 
maaaesof the brain called the ceTetT*I-hemx«i|lieTM'^'o^^^>'>'» 
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Jbe]ow the hinder part of those bemiapliereg u 

liat portion of the brain culled the eerebelhm 

Tlio base of the brain is continned into the 

a greyisli white siibatance extending' along 

I canal aa far as the second Inmbar rertebra, 

rednced to a mere thread. This 

|i'ii<r/ff, as it is called, with curtain nerves given 

r parts of tbo Bpinnl coi-d, occupies the 

I portion of the neural canal, 

I cords pasB from the brain to the eyes, nose, 

, and other parts o£ the head and body, 

inal cord similar threads pass out on each 

can^, between the arches of the Tertebras, 

5 and subdividing, are distributed to all parts 

s surrounding (he Brain and Spinal Cord. 

13 covered by a very vascular membrane 

110. mater, which dips down between all the 

3 of its convolutions. The interior of the 

■overed by a very strong, tough menibrane 

\ dura inakr, which adheres firmly to the 

lig bone, The free sui'face of both these 

'i covered by a vei^ delicate layer of mcia- 

le, the arachnoid, which, being reflected from 
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A rabbit is most easily obtained, and for certain other reasons is 
perhaps best suited for this purpose. It should be obtauied aliye, 
and then lulled by drowning or by chloroform. The ordinary 
method of killing rabbits practised by dealers,, spoils the animid 
for dissection. Tomig pnpils are advised to consult some experi- 
enced person as to the best mode of killing the animal so as 
not to give it paui unnecessarily. The dead animal should be 
laid upon its back upon a table or board, into which stout pins 
may be driven, and a piece of string tied to each limb and 
attached to four pins dnven into the board for that purpose, 
l^e skin of the thorax should then be cut through in the middle 
line with a sharp knife, and the cut extended forwards to the 
chin, and backwards to the lower part of the abdomen, so that 
the skin maybe turned back. The latter operation should be 
done as far as possible without using the knife. 

Muscles. The muscles of the abdomen and thorax thus ex- 
posed, are seen to be covered with a thin membrane. The limbs 
of one side may now be untied, and the skin removed from them, 
and then stripped off the body as far as the middle line of the 
back. The muscles of the limbs and back are now seen. 

The membrane covering the muscles, say of the hind leg, 
should be dissected off. To do this the membrane should be 
raised carefully with a pair of forceps, and the portions by which 
it is attached cut through with the knife, care being taken not 
to cut the muscles. 

One of the muscular btmdles should now be traced from end to 
end. For this purpose raise the centre, or belly, of the muscle, 
and with the point of the knife cut through the membranes 
which acUiere to it, always taking care not to cut the muscle 
itself. Continue to separate in this manner the muscle from the 
cmrrounding parts untU the point is reached where it is attached 
to the bone; then in the same way expose the opposite end of the 
muscle. 

Abdominal Cavity. The animal being turned upon its back, 
the front waU of the abdomen is to be cut through, from just 
below the sternum to its lower part, care being taken not to 
injure the organs within. From the upper part of this incision 
another is to be made at right angles to it, and just below the 
ribs ; this transverse incision is to be carried back as far as pos- 
sible on both sides. A similar transverse cut is then carried 
across the lower part of the abdomen, and the flaps thus made 
turned back. 

The organs which are in this manner displayed should be com- 
pared with the figures and descriptions given in the foregoing 
chapter. 

Turn the animal on its side, and cut away the flap of the ab- 
dominal wall of the upper side as close to the vertebrss as poaai- 
ble. The relation of the organs will tlveu "b^ ^\i^ \i^\»\»^t ^jrssc^.^ 
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(fi) Attached to tlie inner and back portion of the 
superior maxillaries are the two palatines, which also 
form part of the roof of the mouth, and, with the 
maxillaries, Beparate the month &om the naeal chambers. 
(e) The vomer, a single bone which runs from before 
backwards, directly above the line in which the two 
Boperior maxillaricB m.eet: thia bone is immediately 
below the perpendicnlar plate 
of the ethmoid, and partly 
separates the two nasal cham- 
bers. 

(/) TJpon the inner and 
' upper part of each superior 
maxillary, and consequently 
within me nasal- chamber, js 
a delicate scroll-like bone, 
termed the inferior turbincU. 

(9) Each of the cavities, or 
orbils, in which the eyes are 
lodged, has upon its inner 
side a small bone, called the 
lackryvial bone, pierced by a 
canal which opens below into 
the nasal chamber (p. 140). 

(ft) The lovier jaw, or tn- 
ferior maxillary as it ia some- 
times called, is commonlyreck- 
oned as one bone. 

The Hyoid. The hyoidia 
not usually reckoned as be- 
longing to the &ce; it con- 
rr»!%iihtbiimmKr"'.J!l(.t™t sis*s of seTeral bones which 
Sj3i?;'*.1i>Stf ft'°.^'k:"SfcS^ are placed in the back part of 
"Fj'S.'mUift^iiS\iid iiu (.bmi *^^ tongue, and is attached to 
ISi£Ji^'^i™JiVu,r^a^SS^''^ *^^ skull by two cords, or U- 

ndiuii,ci,-iii,.m«u {M^T,»iM.) Bones of tlio Atiu. The 
apperarm has one bone called the kumerur (6g. 9), the 
irpper end of wbicb poBseases a rounded bead, to artionlate, 
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the back of the skall, the spinal canal i? to be laid open by ontting 
with the nippers the two sides fit each neural arch. Care must 
be taken not to cnt or tear the spinal cord or the nerves passing 
off from it. Whei> the spinal cord has thus been exposed, and 
the membranes ^hich surround it made out, the spinal nerves 
should be examined, and the two roots by which each arises from 
the cord distinguished, and likewise the swelling or ganglion of 
the posterior root. 

The brain and spinal cord should now be removed, by carefully 
raising them, and cutting through the nerves by which they are 
attached. Separate the brain from the spinal cord, and place the 
former in spirits of wine, and the latter, cut in short pieces, in 
the chromic acid solution (p. 175, No. 4), for future use. 



CHAPTER n, 

FUNCTIONS OF THE BODY. 

Contmual Waste of the Body. We liave seen that 
the body is made up of a great namber of organs, the 
uses of which it is the province of physiology to study. 
Before entering, however, upon a detailed consideration 
of each part, it will be well to look at the body as a 
whole, in order to see what are the general resnlts of the 
performance of its functions. 

It is a well established fact that no organ can be in a 
state of activity without the expenditure of a certain 
amount crf/orce, for the production of which some of the 
materials existing in the body undergo the chemical 
change known as combustion. Just as the mechanical 
power of a steam engine is due to the heat<force gene- 
rated by the burning of the fuel in its furnace, so by the 
force evolved in a similar process of burning are the 
various actions of the body accomplished. 

In every part of the body during life the oxygen of 
the blood is continually entering into combination with 
certain materials containing carbon and hydrogen, caus- 
ing combustion, in the process of which heat and force 
are eyolved, 
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the femur possesseB two ronaded snrraces, termed the 
inneT and outer condyles. 

The Zei? proper has twolxmea; the (itia and the fibula. 
(fig. 13), wfaiohare not movable upon one another. The 
jL" upper end of the 
tibia is broad, and 
has two depreseions 
correBpondmg to the 
two condyleB of the 
femur. O^e^&ulais 
a slender bone, and 
liafl no share in the for- 
mation of tbe knee-joint. 
The patella, or knee- 
cap, is a small bone pro- 
tecting the knee-joint, 
and is generally reck- 
oned ae one of the bones 
of the leg. 

The/ooi(fig.l4),likc 
the hand, is divided into 
three parts, termed in 
this case (a) the tareus, 
(6) metatarsus, and (c) 
diffita. The tarsus con- 
Bisto of Beven bones, one 
of which, the caicameMTii, 
forms the heel ; white a 
pulley-like bone, which 
tits into the socket 
formed by the lower 
ends of the tibia and 
fibula is termed the 
astragalus, The meta- 
tarsus contains five 
bones ; and of the five 
digits, the first has 

1£odea of Articulation of Bonas. The bones of the 
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skeleton are held together in several tt&js. In some 
cases they beoome firmly tinited by bony matter, as in 
the yertebm forming the gaerum. In others, as in 
the sknll, they are nnited by 
toothed edges op wmply over- 
lap, unions of this kind being 
termed mturef. 

Other bones are nnited by 
the interposition of oartil^e, 
which is firmly attached to 
both the bony snriaces. The 
bodies of the vertebns are 
nnited in this manner, and thd o 
ribs are similarly connected 
with the stemnm by the inter- 
position of the coital eariilage*. 

When bones are freely mov- 
able npon one another they 
form what are commonly 
known as jainti. In snch cases 
the articnlatin^ Bnrfaces of the , 
bones are coTOred b^ a thin 
layer of smooth cartilage, and J, j 
are kept in position by strong 
fibrons bands called ligaments, 
whiob are so arranged u to 
keep the bones firmly together, 
while allowing them to move 
npon one another. The varions 
kinds of joints will be con- ^tw 
sidered in another place i£; i 
(p. 149). *^ 

Contents of the Thorax. The general arrangement 
of the organs in the cavities of tbe body has now to be 
considered. When the front wall of the thorax is re- 
moved, as shown in the upper part of fig. 15, the 
greater part of the organs which it oontei.natn«.-3\»w«^. 

TheSeari. (Fig. iiO). This moab im^tWA otW«^ vi 
fn the middle of the ttiotawics.Vvt^. «.-» 
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mnscnlar body of conical form, with the base tnrued 
partly apwftrds, and the point directed downwardB, and 
towards the left side. It CDotains four chambers, with 




n-A/cA the arteries and veins coTnmumcBtei T^o of 
eiesc chambers, sitnated at tte up^er -part, <A ftxftVcssrt., 
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we breathe in a cold atmospliere : for the vaponr, as it 
passes ont of the longs, becomes condensed, and is then 
visible. Also when a piece of cold glass (a window pane 
for example) is breathed on, it becomes coyered with 
moistare from the same cause. 

The presence of carbonic acid in expired air may be 
shown bj causing air from the Inngs to pass through a 
clear watery solution of lime. The solution will soon 
become turbid, owing to the formation of carbonate of 
lime (p. 87}. 

The kidneys eliminate a very considerable quantity of 
ttrea and water; while the shin throws oflP, in the Ibrm 
of perspiration, carbonic add and water, and sometimes 
a small proportion of urea. 

Compensation for Waste. It is obvious that if the 
waste indicated above were not made good, the body 
would soon become considerably reduced in weight 
The loss is compensated when the food and water taken 
into the system are of such a kind and in such quantity 
as to supply an amount of nutriment to the tissues, 
equal to the waste which takes place. 

If but little or no food be tcJ^en, the body gradually 
diminishes in weight. This happens even when the 
body is at rest; but during active exercise it takes 
pla^ much more rapidly. If the wasting be allowed 
to continue, a point will at length be reached at which 
death from starvation must ensue. 

Proofs of Waste. If the body of a healthy man be 
accurately weighed at intervals during the day, it will 
be found that its weight is greatest directly after a 
meal, and gradually decreases until food is again taken. 
The diminution in weight will be more considerable the 
longer the period of fasting is extended, or the more the 
amount of activity is increased. 

The continued excretion of carbonic acid, urea, etc., 

even when the body is not supplied with food, and the 

loss of weight in consequence of this excretion, are further 

proofs that waste takes place. 

Digestion. The process by which food ia ^\:e^^\L^<i. 



bions 01 tne tood which cannot be i 
of the alimentary canal as f ssces. 
ironlation. The blood is the mc 
rishment is conveyed to the variou; 
ch tbe waste matters are carried a 
3rder that these two objects may 
d is kept constantly circulating. '. 
m which, by its regular and rhythm: 
)3 the blood in motion. The arteri( 
fluid is conveyed from the heart b 
Her and smaller, and their walls | 
ner, until at length they form a deli 
llary vessels in the various tissues 
^ Here the walls of these vessels i 
nutritious matters contained in 
ugh them to the minute portions 
h lie in the meshes of the capillai 
9 matters find their way into the 1 
) capillaries too that the oxygen, w 
lost essential constituent of the bloo 
ly made nse of, a fresh supply beinj 
be passage of the blood tlurough the 
e Nervous System. The nervouE 
*mng power of the body. It enabl 

IS to r\arfnf*Tn +V.««- ^ ^* 
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world. The terminations of certain nerves are modified 
to enable them to receive impressions ; as, for example, 
in the eye, ear, etc. The sensations of touch, taste, smell, 
hearing, and sight, could not however be experienced 
but for the brain, which alone has the power of perceiv- 
ing sensations. 

Death. While the organs are capable of performing 
tlieir functions, the body is said to be alive ; but when 
they can do so no longer the body is dead. Death may 
be local or general. 

Local Death, In almost all parts of the body portions 
of tissue are constantly dying and being carried out of 
the system as waste; but this kind of local death is 
necessary for the life and health of the body. 

When from disease or injury any part of the body 
ceases to be nourished, mortification takes place, or in 
other words the part dies. 

General Death, When the heart, the respiratory 
organs, and the brain, cease to act, the body is ordi- 
narily said to be dead. The tissues may, however, 
possess their vital properties for some time after this 
has taken place. This is shown by the contraction of 
muscles when irritated, and by the power which the 
nerves retain of conveying influences even after separa- 
tion from the body. It therefore becomes necessary to 
discriminate between what is ordinarily called death and 
the death of the tissues. 

Causes of Death, Whatever may be its apparent cause, 
death is always the direct result of one of three causes^ 
viz. : (1) the cessation of the action of the heart, (2) of 
the lungs, or (3) of the train and spinal cord. 

Classiflcation of the Functions. The functions of 
the human body are generally divided into two groups, 

(1) The Vegetative Ftmctions. 

(2) Functions of Relation, or Animal Functions, 

The first group includes all processes which serve for 
the growth and nourishment of the body. The second 
embraces those functions which bring the individual 
iftto relation with the outer world. 



Vegetative 
Functions. 



Mattication. 
Ifualivation, 
Deglutition. 
Chymification, 
Chylifieation, 
Absorption. 

Clronlation. 

Nutrition. 
Secretion. 
Excretion. 
Bespiration. 



auctions of J^^«?^*- 
lelation, or Se^Bation. 

nimal Func- ., .. 
tions. Motion. 

Voice. 



Teeth 
Salivc 
(Esop] 
Stoma 
Duode 
Laetei 

Blot 
Hearty 

lari 
CapiU 
Variot 
Kidnei 
Lungs, 



Brain, 
Brain, 
orga 
Muscle 
Larym 



CHAPTEB in. 
CHEMICAL COMPOSITION OF THE 
Toximate Principles. By submittiii 
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contain a proportion of nitrogen, and are therefore termed 
nitrogenized suhsta/iices ; and those which do not contain 
nitrogeny and are hence termed non-nitrogenized sub- 
stances. It will be necessary to consider the nature of 
the jnost important of these compounds. 

Kitrogenized Substances, or Froteids. All these 
substances contain carbon, hydrogen, oxygen, and nitrogen^ 
with a small proportion of mineral matters. 

1. Albtmien, The best known form of this substance 
is the white of eggs. It is found in the human bodj 
in a state of solution, both in the blood and in the 
fluids of most of the tissues. It possesses the peculiar 
property of coagulating when heated to about 158° F., 
and is precipitated by the addition of alcohol, or stroug 
acids, and by most metallic salts. 

2. Globulin, This is a peculiar kind of albumen, 
which forms the chief part of the red blood corpuscles 
(p. 55). It is also found in the crystalline lens of the 
eye, and is then kQown as crystallin. 

3. Hoenioglohln, or cruor. This is the material con- 
tained in red blood corpuscles (p. 59). It may be 
separated into two parts, ghhidin and the colouring 
matter which is termed Jicematin, 

4i, Fibrin. If some freshly drawn blood be whipped 
with a bundle of fine twigs, a soft fibrous mass will 
adhere to them; this substance is called fibrin, and 
differs from albumen in possessing the property of 
coagulating spontaneously. 

Fibrin does not exist as such in the blood, but is the 
result of the combination of two substances which form 
part of the plasma of the blood (p. 55). One of these 
substances, fibrinoplastin, is closely allied to, if not 
identical witib, globulin. The second substance, j^rmo^eft, 
exists, not only in blood plasma, but also in lymjph and 
chyle (pp. 76 and 52). 

5. Byyitonin, This substance is a kind of fibrin ob- 
tained by treating muscular tissue with dilute acid. 
Syntonin, as it exists in the muscles, is termed mtjo^m ; 
the coagulation of this causes tbe stiS^Tmi^o^. 'ODa\i^^% 
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small intestine opens npon the right side of the bodj 
into the large intestine, which at this point forms a dila- 
tation termed the c€BCum» After passing across the 
abdominal cavity, the large intestine turns downwards 
and backwards, terminating at the anal aperture. 

The Liver and Oall Bladder. Immediately below the 
arch formed by the diaphragm is the liver, a large red 
organ, divided into several portions or lohes, and partly 
overlapping the pyloric end of the stomach. On turning 
up the lobes of the liver, a small greenish-coloured bag 
is seen. This is termed the gall-bladder, and is the recep- 
tacle for the gall or hile, a fluid formed by the liver for 
use in the process of digestion. The bile is poured 
into the duodenum through a small tube called the 
biliary or h^atic duct. 

The Pancreas and Spleen, These are two organs 
which are also situated near to the stomach; the latter 
being close to its cardiac portion. 

The Kidneys ami Bladder, When the stomach and 
intestine are removed, the two kidneys may be seen. 
From each of these organs a tube called the ureter passes 
downwards, terminating in the lower part of the bladder, 
which is placed at the bottom of the abdominal cavity 
towards the front (fig. 16). 

Bloodvessels. The aorta, after passing through the 
diaphragm, gives off branches to the liver, stomach, 
intestine, kidneys, etc., and afterwards divides into two 
main channels, the right and left iliac arteries, which 
pass to the lower limbs. 

The inferior vena cava runs up beside the aorta, and 
passes through the diaphragm on its way to the heart. 

The Peritoneum amd Mesentery, The interior of the 
abdomen is lined by a membrane termed Qiq peritoneum ; 
this is reflected over most of the organs contained in 
the cavity in a manner similar to that in which the 
pleuras cover the lungs. The portion of th'e peritoneum 
reflected over the intestine is attached to the back 
'waJI o£ the abdominal cavity, and forms a membranous 
expansion termed the mesenteri/, ^\i^*\is;^^^\x^fe,^TLOLQ%fcd 



CiHfiHICAt COMPOStTION Oi' (THE BODY. 31 

oxygen. There are several varieties, one of the differ-* 
ences between them being that they solidify at different 
temperatures. The more important are margarin, olein, 
stearin, and cholesterin. Gholesterin partakes more of 
the nature of a resin than of a fat. It possesses the 
peculiar property of remaining solid at the ordinary 
temperature of the body. It is found in the brain and 
in bile. 

2. The Amyloids, Starch, dextrine, sugar, and gum are 
the substances included under this denomination. They 
all contain less carhon and hydrogen in proportion to 
oxygen than the fats; the oxygen and hydrogen being 
in the proper proportions to form water, while in the 
fats there is an excess of hydrogen. 

Glucose or grcupe-sugar is found in the blood which 
leaves the liver by the hepatic vein. A variety of sugar 
called lactin exists in milk. Lactic acid, which is formed 
from sugar, is found in the blood and in the gastric 
juice. It is this acid which is formed when milk turns 
sour. 

The Besiilts of Decomposition. The proximate 
principles are very unstable compounds, having a con- 
stant tendency to decompose when left to themselves, 
OP in other words to become resolved inta substances 
of a much more simple chemical composition. A dead 
body has the same tendency ; its various tissues becoming 
more or less rapidly decomposed, and reduced to the 
same simple compounds as result from the decomposi- 
tion of proximate principles, viz., carbonic acid (C Og), 
ammonia (H3N), water (H3O), and certain mineral 
substances. 

MineriEtl Substances found in the Body. The fol- 
lowing are the more important of the mineral substances 
which enter into the composition of the body. 

1. Phosphate of lime, or hone earth, exists in small 
quantities in all the tissues, but is found abundantly in 
the bones and teeth. 

2. Carbonate of lime always exists m t\v'^ \i^T!kRs^ ^sA 
teeth^ but to a less extent than bone eaTlTv, 
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(d) Attached to the inner and back portion of the 
superior masillaries are the two palatines, which also 
form part of the roof of the month, and, with the 
maxillariea, separate the mouth &om the nasal chamberB. 

(e) The vomer, a single bone which mna from before 
backwards, directly above the line in which tho two 
snpericor masillarieB meet : thia bone is immediately 

below the perpendicniar plate 
of tho ethmoid, and partly 
separates the two nasal cham- 
bers. 

(/) Upon the inner and 
' npper part of each superior 
maxillary, and consequently 
within flie nasal chamber, is 
a delicate scroll-like bone, 
termed the inferior turbinal. 

(g) Each of the cavities, or 
orhite, in which the eyes are 
lodged, has upon its inner 
side a small bone, called the 
laohrymtd bone, pierced by a 
canal which opens below into 
the naeal chamber (p. 140). 

(h) The lovjsr jaw, or in- 
ferior maxillary as it is some- 
times called, is oommonlyreck- 
oned as one bone. 

The Hyoid. TheAyotdis 
not usually reckoned as be- 
longing to the fece; it con- 
FK^!\iiMbiin»™.(K"'rt»-(.tiont S'8ts of several bones which 
IS^^^i.'it^elVaS^'i^^^ii^ ^^^ placed in the back part of 
"pj'm'mllb'i^lii^uii oici (.i™i *^* tongue, and ie attached to 
iMSi^'fo/'Su^Sul^^ih^S^'' ^ skull by two cords, or U- 

~iiiuii,di^ii^^ °^^B.) Bones of the Arm. The 
upper arm baa one bone called the humerun (fig. 9), the 
apper end of which possesses a tottiidedhead,to articulate, 
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CHAPTER IV. 

FOOD. 

Food required by Animals. One of the most im- 
»rtant differences between animals and plants is that 
bile plants build np their tissues from sucb simple 
organic compounds as carbonic acid, ammonia, water, 
id saline matters, animals can onlj obtain nourisbment 
T making use of organic compounds whicb have been 
aborated by plants. In other words, a plant absorbs 
e simple inorganic compounds, — carbonic acid, am- 
onia, etc., — ^and from them constructs tbe complex 
'oteid and carbonaceous compounds of which its tissues 
Q composed; while an animal eats either plants or 
limals which have fed upon plants, and tbus derives 
I sustenance from the proteids, etc., which they 
tntain. In the exercise of their functions the tissues 
' animals become oxidized and broken down into much 
cnpler compounds, and these ultimately form carbonic 
iid, amimonia^ water, and saline matters, from which, as 
Q have seen, a plant is capable of building up its 
Bsues. 

In order to nourisb the body, food must therefore 
•nsist of organic substances, such as exist in bread, 
itter, meat, vegetables, etc. A man of average size 
quires daily about 8000 grains of chemically dry 
lids, besides water; and the lungs will, during the 
me time, absorb about 10,000 grains of oxygen. 
Classification of Food. Food stufi^ may be divided 
to the following classes : — 

1. Those used mainly for tbe nourishment of the tis- 
es, and known as proteids or nitrogenmis substances 
Iso termed plastic, nutritive, histogenetic^ albuminous, 
flesh-forming materials). 

2. Those chiefly concerned in the production of heat in 
e body, termed heat-producers or non-nitrogenous sub- 
inces(aXao csJiedrespiratory, carbonaceous, sxidfuel-foods) 

3. The inorganic materials required for the mainten 
ce of tbe body. 
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the {emnr poBBesses two roonded surfaces, termed the 
timer and oul^ condylet. 

The leg proper has two bones ; the tibia and the fibula 
(fig. 13), which are not movable npon one another. The 
" npper end of the 
I tibia ia broad, and 
'has two depressions 
corresponding to the 
two condyles of the 
femnr. ThafilvXaia 
a slender bone, and 
iias no share in the for- 
mation of the knee-joint. 
The patella, or knee- 
cap, is a sniall bone pro- 
tecting the knee-joint, 
and is generally reck- 
oned as one o'f the bones 
of the leg. 

The/oo((6p.l4),Iiko 
the hand, is divided into 
three parte, termed in 
thia case (a) the tarsus, 
(b) melalartus, and (c) 
digits. The tarsus con- 
Bieta of seven bones, ons 
of which, the ealctmeum, 
forms the heel ; while a 
pullej^-like bone, which 
fits into the socket 
I formed hj the lower 
ends of the tibia and 
' fibula is termed the 
. cutragaluSf The mela- 
'• iarsits contains five 
diijii'iiihi™^;' bones ; and of the five 
/,iSl.i,.«wu: digits, the first has 
tumjahalanges, and the rest three each, 
.Hodes o/ .drtioalation of Boiuea. The bones of the 
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Table or Food Stuffs. 



/ 



Froteids 
{nitrogenous) 



Oboanic / 



(Gluten 
Albumen 
Fibrin 
Syntonin 
(Casein 
Gelatin 
Chondrin, 



Oxygen 
Hydrogen 
Carbon 
Nitrogen 



Heat-girers 
{non-nitrogenous) 



[ 



' Oleaginous-^FsAB 

/'Starch 
Amyloids \ Dextrin 
iGum 
(.Sugar 



Oxygen 

Hydrogen 

Carbon 



Inobganic 



("Water 

i Saline matters 



Necessity of a Mixed Diet. No one of the classes 
of food which have been mentioned is capable by itself 
of keeping the body in health for any length of time. 
As a matter of fact, however, most of the ordinary foods 
contain several of the requisite materials ; for instance, 
bread contains both proteids and heat-givers, besides 
water and saline matters. At the same time these 
ingredients do not exist in bread in the proportions 
required by the system. 

MilJc contains every variety of food necessary for the 
nutrition of the body and the production of heat, and in 
such proportions that infants fed upon milk alone grow 
and thrive. 

It has been proved by experiment that animals may 
live for a very considerable time upon jproteids alone ; 
but this kind of diet is neither economical, nor likely 
to keep the body in a healthy condition. Animals, 
however, which are fed exclusively upon heat producers 
(sugar, etc.), invariably die very soon. The waste of 
nitrogenous materials not being made good, the body 
becomes emaciated. The animal is in fact starved, just 
as though it had been kept entirely without iood* 

Economy of a Mixed Diet, it \i^ \^eu ^^hIyccl^^^ 
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tbat a liealtlij man of ordinary size throws out of bis 
system daily, as waste matter, abont 4600 grains of 
carbon and 300 grains of nitrogen. Now in order to 
keep such a man in health it is necessary that his 
daily food should contain in a convertible form, at least 
the same amount of carbon and nitrogen. According 
to Payen 1000 grains of hread contain about 300 grains 
of carbon and 10 grains of nitrogen. If therefore a man 
•were fed upon hread alone, he would require 30,000 
grains in order to get the 300 grains of nitrogen ; but 
this amount of bread would yield about 9000 grains of 
carbon, or nearly double the quantity required. 

Again, 1000 grains of meat contain about 100 grains 
of carbon and 30 grains of nitrogen. In order therefore 
to obtain 4600 grains of carbon it would be necessary 
to eat 46,000 grains of meat. But this would give 1380 
grains of nitrogen, or more than four times the quantity 
required. 

The following table, given by Dr. Carpenter, shows 
the proportion of bread and meat which should be taken 
by an ordinary man to supply the system with sufficient 
carbon and nitrogen to make good the daily loss of ihespi 
materials without unnecessary waste of either. 

Grains. Grains. Grains. 

15,440 of Bread contain 4630 of Carbon and 154 of Nitrogen. 
4,630 Meat „ 463 „ 154 „ 



20,070 6093 808 



From this table it will be seen that 15,440 grains, or 
about 2 lbs., of bread, and 4630 grains, or about f lb., 
of meat, will supply the carbon and nitrogen required 
daily by an ordinary man. A judicious proportioning 
of the different kinds of food is thus shown to be 
economical, for the total amount required is far less 
when properly mixed than when any one kind of food 
is taken exclusively. 
Variations of Food Bequisite. Our daily supply 
of food requires to be varied, bo\3a. \iiY\nA ^\id. wDOLOunt, 
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Msoording to dronmstances. When a person is taking 
exercise there is a greater waste of tissue than when he 
IS inactiye (p. 24) ; and as this waste of tissne is made 
good by the materials contained in nitrogenous food, it 
follows that a man will require more nitrogenous food 
when he is taking active exercise than when he is idle. 

The temperature of the body is chiefly maintained by 
the combustion of the amyloids and fats which are 
taken with the food. Now in cold climates the body 
loses a greater amount of heat by radiation than it 
does in warmer climates, consequently a larger pro- 
portion of these combustible materials must be taken 
as food in order to maintain the body at the proper 
temperature. 

An. in&nt requires much more nitrogenous food in 
proportion to the weight of its body than an adult. 
This is just what we should expect, when we consider 
that in a child, not only has the daily waste of the body 
to be made good, but new tissues have also to be formed 
or the body would not grow. 



CHAPTER V. 

ALIMENTARY CANAL AND DIQE8TI0N. 

Digestion. In order that food may be absorbed and 
fitted for the nourishment of the tissues, it must be 
digested. The various digestive organs and their special 
functions will now be considered in detail. 

Mouth. The mouth is the cavity inte which the food 
is first conveyed, and in which the first processes of 
digestion are accomplished; the floor of this cavity is 
formed by the tongue, and it is bounded above by the 
palate. The front part of the palate is strengthened 
by bone, and is called the hard palate ; the hinder por- 
tion has no bone, and is termed the soft palate. This soft 
part is produced behind into the fleshy bod^ kccy^x^ %ss. 
the uvula, which may be seen hangiTvg ^o^ttcl ^\t^^\^^ 
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of the month. The nwmth ia booaded in front by the 
ly>e and teeth, and at the Bides by the elieeki and teeth. 

Tdeth. There are two aemicircnlar rows of teeth, 
one in the upper and one in the lower jaw ; eaoh row 
consisting, in the adalt, of 16 teeth ; (8 upon each aide) 
making in all 32. Each tooth consists of a crown and 
a root or fang. The crown is the p(JrtIon above the 
gnm, covered by a very hard substance called enamel. 
The fang is embedded in the jaw, and has no enamel.* 
At the junction of the root with the crown there is a 
constriction, termed the neck. The sockets in the jaws, 
which receive the fangs of the teeth, are termed alceoU. 




There are four different kinds of teeth on each side, 
both above and below. Commencing in front, these are 

(a) Two incisors, each of which has a sharp catting 
edge, and only one fang, 

(b) One canine, with a conical- pointed crown and one 
fang. 

(c) Two bicuspids, or as they are sometimes called 
pi'emolars, having somewhat flattened crowns and single 
fangs. 

((2) Three molars, or grinders ; these are the true 
mdars, having broad crowns, and two or three fangs 
each. 

The upper surfaces of the molars and bicuspids are 
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lot smooth, but raised into points, or cusps^ the bicnspids 
laving, as their name impUes, two and the molars four 
yrfive cusps. 
Thus there are 

4 inoifiors above and bolow s» $ teeth. 

j» canines ,i t^ ••• ••• ••• ^ 4 u 

4 bicuspids „ i, ••• ^ S ,i 

6 molars }, „ .*• ••• ••• » 12 „ 

Making altogether a total of 82 „ 

A child when bom has no teeth; subsequently, 
lowever, it has two sets. The first set, or milk teeth, 
gradually appear above the gums, and are all in place 
it about the age of two years. They are 20 in number, 
iriz.: 8 incisors, 4 canines, and 8 grinders. The milk 
teeth are^hed, and the second set, or permanent teeth^ 
gradually take their place. 

Salivary Glands; The saliva is a colourless, limpid, and 
somewhat alkaline fluid, containing a peculiar substance 
called ptyalin. It is secreted by three pairs of glands, 
vfhich are named from their several positions the parotid^ 
mbmaxillary, and sublingual glands. Besides these there 
ure a number of smaller glands opening into the mouth 
by separate ducts and known as hucM glands* 

Each j^aro^'c? is situated just in front of the ear, upon 
the outer side of the lower jaw, and its duct opens into 
the mouth, upon the inner side of the cheek, near the 
second molar tooth. 

The submaxillary glands are situated within and a 
little below the lower jaw on either side; while the 
mhlingtials are more forward and nearer the middle of 
the tongue. The ducts of both these glands open just 
Ijelow the front part of the tongue. 

The mouth, in common with the rest of the alimentary 
::anal, is lined with mucous membrane, and this secretes 
\ certain amount of fluid which becomes mixed with 
the secretions of the proper salivary glands. 

At the back of the mouth and on e\t\i^ie ^\^^ ^^ ^^ 
ivuH ^^ i^o fleshy pillars called fti^ Jautft%\ «s^ 
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, ooe CO each aide^ are the glandalai 

ion and Insaltration. The food wLicli lia^ 

> the month is ground down by the 

i process, which is commonly called, niaeii- 

iny, the teetli of the npper and lower jaws 

L together by the action of the masticating 

I that substances placed betvreen the teeUi 

T crashed. 

3ce of fooA in the month and the action of 
the month in mastication, have 
Bach an inflnenco, through the 
nerves, upon the ealiraiy glands 
ad to caase their secretions to be 
poored oat much more abaa- 
dantly than nsnal. One of the 
uses of the ealiva ia to soften 
], the food by macerating it ; bat 
' it£ most important function is 
to change starch into dextrin, 
and dextrin into sngar. In 
iLia way insolnblo starchy mat- 
ters are rendered aolnble, and 
therefore more capable of being 
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aperture tenned the glottis, wbicli leads into the lungs. 
When the food presses agaioBt the uvula, it tends to 
coTer the poiierior nares, so as to prevent the food 
from pasBiDg into the nasal chambers. Similarly there 
is immediately above the opening of the glottis, a kind 
of lid called the epiglolUe, w^ch, ^hen the tongue 
presses the food through the fauces, shata down oyer 
the g^lottis, and prevents any portion of the food from 
falli^ into that apei-tnre. The pharpix is continued 
below into the 
moscolar tnhe 
called the ceeo- i 
pkagtis, which 
IS idaoed direct- 
ly in front of 
the vertebral co- 
lumn, and passes J 
downwards into f^ 
the stomach. 
Boon as the foodl^ 
passes into the^ 
pharynx, i 
moBoles of 
walls are sMmn- 
tated to con- 
tzaot, BO as to 
constrict 
tabe immediate- 
ly above 

bolus of food. The constriction passing gradnally and 
regularly downwards along the cesophagns, pnshea the 
food before it nntil it reaches the stomach. 

Stomach. The stomach, is a ^mewhat conical sac, 
having strong muscular walls. Its npper border forms 
a short concave leseer curvature; while its lower border 
forms a long convex greater eunaiure. This organ i? 
situated below the diaphragm, and is partly covered by 
the lobes of the Jiver. The casopliagiia o^cna ""«*o "^^ 
upper part of ita larger or cardiac eui, \i^ Vo^*^ '"« 
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termed the cardiac orifice. The smaller end ef the 
stomach is continaed into the intestine ; the aperture of 
commtmication, called the pylorw, is snrroanded by a 
collar of mnBcolar fibres termed a ^hmcier. 

The stomach is lined by a mnoons membrane, which 
gives it a soft and velvety appearance. When not dis- 
tended by food the interior is tra- 
versed by nomeroiis h^ngitodioal 
folds, and is of a pale pinkidi co- 
lonr. If the mncons memloane be 
closely examined, it will be seen to 
exhibit a kind of honeycombed ap- 
pearance. A section throngh the wall 
I of the stomach (fig. 21) shows it to 
be composed of three principal 
layers, let, the peritonenm ; 2iid, 
bands of nnstriped mnscnlar fibre, 
^ arranged in several layers, and run- 
ning m various directions; Srd, the 
, mncons membrane, in which tho 
gastric glands are lodged. 

Qattrie QUutds, A carefnl ezamin- 
fttaou of the surface of the mnooos 
membrane, shows that besides the 
^'■f honeycombed appearance there are 
^^ great numbers of minute pores. 
w'^iSto!^^ These are the opeoiuge of the 
-•-- ■ — tUir jtwirt'c jiaiids which are shown in seo- 
<<, '' tion in fig. 21. The gastric glands 
! are of two kinds. (1) Those situ- 
ated near the pylorus, which are 
lined, quite to their inner ends, with a layer of columfiar 
epitkelmm (p. 159), they are long straight tubes, which 
at their inner ends may be simple, as in fig, 21, or 
divided into several branches. Aa they are supposed 
to secrete mucus ouly, t^ey are called mueoiis glands. 
(2) In other parts of the stomach the glands are only 
parify- fined with columnar epitbdinm, the inner po:^ 
twae being Slled with irregnlwr oeUa ^ftg. %^- "Vi. Sa, 
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these ivKioli secrete the proper gaakie juice; imd as 
this fioid coDtaina the pecoliar enhstance called pepmi, 
they are termed peptto glands. 

BeBLde the glantL already mentioned, there are foand 
scattered over the Bnr&ce of the in- 
terior of the etomach a lai^e num- 
ber of amall aac-like glaa£ called 
the lenticular follidet. 

All these glanda are snrroiinded 
by a network of hloodTesBels. 

Gastric Jniae and its Action 
upon Food. When the stomacli 
is empty its Trails are of a pale 
tint, and there ia no proper gaa- 
tric flnid aeoieted. Directly food 
ia introdnced, a nervons action iy 
set np which causes the bloodToaaels ^ 
to beoome more distended with 
blood, and the gastric juice is then yib a. a ugUs iimd. 
secreted, and commences to act Sr^ta.£Sw °'»'^ 
upon the food. This jnice is a dis- SS^i.'^iSSi'SSiX'^t^ 
tinctly add flnid, the acidity being f*™"" 
doe to the presence of free hydrochloric acid. Bat the 
most important oonstitnent of the gastric jnice is p^in, 
whidi is most active in dissolving the proteids of the 
food. Both the acid and the pepsin are necessary for 
pr^«r digestion. 

The gastric jnice has the power of dissolving the ni- 
trogenons constitnents of the food, bat has no direct ac- 
tion apon the fe.tty or starchy matters. The acid which 
it contains neatralizes the alkali of the saliva, and stops 
the action of the ptyalin, so that in the presence of 
gastric jnice, starch is no longer converted into sugar. 

The presence of food in the stomach causes certain 
contractile movements in its walls, which materially 
assist digestion by mixing the food more intimately 
with the gastric flnid. 

The result of the action of (he gastric flaid apon the 
varioas kinds of food is, that tnej w» tuaw tKN-ss*. 
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completely dissolved and reduced to a thin pulp, -which 
is then called chyme. 

Albuminous materials undergo a very considerable 
change, losing some of their chief characteristics, when 
• acted upon by gastric juice. For instance, albumen loses 
its property of coagulating by heat, and gelatin will 
no longer solidify when cooled. ; so that when dissolved 
in gastric juice, the albnmi&bus principles cannot be 
distinguished from one another. Li this condition they 
are all known by the one name oi peptone. 

Part of the fluid of the chyme is absorbed by the 
vessels of the stomach. (Absorption, p. 62.) 

The Intestine. The intestine is divided into two 
portions, which differ considerably in diameter, and are 
hence termed the small and the large. The stnaU intes* 
tine is continued from the stomach, and is in the human 
adult about twenty feet in length. The large intestine 
is continuous with the small, and is from four to six feet 
in length. 

The Small Intestine is generally divided into three 
portions, but there is no definite line of demarcation 
between them. That portion of the intestine which 
immediatelv succeeds i3ie stomach is termed the duo^ 
denum. It is about ten inches in length, bent round upion 
itself, and more fixed by the peritoneum than any other 
portion. The common duct of the liver and pancreas 
opens into the duodenum. Jejunum and ileum are the 
names given to the other two portions of this intestine. 

The walls of the small intestine, like those of the 
stomach, consist of three layers, viz.: 1, the mucous; 
2, the muscular ; and 3, the serous or 'peritoneal, 

(1) The mucous, or internal layer, is raised up into 
numerous transverse folds, called valvuloe conniventes. 
These are found closely set in the duodenum and jejtmum^ 
but they afterwards grow fewer in number, and cease 
at about the middle of the ileum. They serve to increase 
the absorbing surface of the intestine, and also prevent 
the more liquid products of digeBtion from passing 
down too quickly. 
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The villi aro fine thread-like processes covering the 
rface of the mucons membrane of the small mtestine 
ze the pile of velvet. Each villas, in common with 
e rest of the mucous membrane of the intestine, has 
L outer layer of columnar epithelium. Within this is 
network of blood capillaries, and occupying the centre 
' the villus is a single lacteal vessel, which is occasion- 
ly looped. (Absorption, p. 52.) Between the lacteal 
(ssel and the blood capillaries, exists a delicate layer 
' nnstriped muscular fibres. 

The function of the villi is to absorb the nutritive 
aterials from the products of digestion. The manner 
which this is accomplishod will be considered further 
I. 

(2) The muscular coat is coijiposed entirely of unstriped 
)res (p. 168), divided into two layers. In the outer 
yer the fibres run longitudinally, whilst in the inner 
ey are arranged in circles around the intestine. It is 
lese muscular fibres which produce the peculiar move- 
ents of the intestine called jperistcdtic contractions. 
he manner in which this takes place is as follows : — 
he circular muscles contract at a certain point, and 
ins reduce the diameter of the intestine, the longitu- 
nal fibres also contracting at the same part ; then the 
>res immediately below this point contract, and the 
rmer become relaxed, and this being continued in 
golar succession downwards, a constriction travels 
ong the intestine towards the rectum. The peristaltic 
ovements of the intestine can be seen if the abdomen 
- an animal be opened directly it is killed. 

(3) The seroTM layer is that portion of the peritoneum 
hich is reflected over and adheres closely to the 
iter surface of the intestine. 

The Iiarge Intestine. At the point where the large 
id the small intestines join, the mucous membrane h 
ised into a fold called the ileo-coecal valve, which 
lards the opemng of the ilemn, and prevents the chyle 
ussing back into the small intestine. At the same place 
ere is also a pouch-like dilatation oi \j\i^'W^<b\s^\^ik£L^ 
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called the ccecum, and at the extremity of this is a small 
worm-like body termed the vermiform wppeiidix. 

The large intestine is divided into the colon and the 
rectum,. The parts of the colon are named from the 
position they occupy, the Cbseending^ transverse, and 
descending portions ; the last of these being continued 
into the rectum, which is dilated, but again contracted 
at its termination. 

The walls of the largo intestine, like those of the 
small, are composed of three coats or layers. In the 
ccecum and colon, however, the longitudinal muscular 
fibres are arranged in three bands, and these being 
shorter than the other coats, the walls are puckered up 
and thrown into a kind of pockets or sacculi. This is 
not the case in the rectum. The arial aperture, like the 
pylorus, is surrounded by a strong ring of muscular 
fibres, or sphincter, which keeps it securely shut, except 
during defecation. 

The Glands of the Intestine are of three kinds. 
1. Lieherlmhn*s glands or follicles, which are simple 
tubular depressions of the mucous membrane. They 
are present in all parts of both intestines, but are largest 
in the large intestine, more particularly towards its ter- 
mination. 

2. Peyer^s glands. These consist of an oval sacculus 
imbedded in the mucous membrane, and richly supplied 
with bloodvessels, but apparently without any aperture. 
They occur separately or aggregated in patches, and in 
the small intestine only, chiefly near the ileo-C83cal valve. 
Glands very similar to these occur in the large intestine, 
chiefly in the caecum and vermiform appendix, and have 
been termed lenticular glamls, 

3. Brilnner*s glands are confined to the duodenum; 
they are minute lobulated bodies, situated in the most 
internal portion of the mucous layer, and opening by 
special ducts upon the surface. 

The Liver. The liver is a large glandular organ, of 

« dark red colour, situated immediately below the 

diaphragm. It is the largest gland m ^"a "\iQd^ , ^nS^ va. 
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flie adolfc weighs abont fonr ponnda. It has an incom- 
plete covering of peritonenm. Its upper part is rounded, 
and fita into the arch formed by the diaphragm. Below, 
the liver is irregnla,rly concave, and divided by deep 
fissures into several portions called lobeg. It reste npou 
the stomach, diio- 
dennm, right kid- 
ney, and some 
other parts At 
tlje hinder part 
and towards the 
' rjght Bide the 
lobes are thick 
' bnt in front they 
are thinner The 
chief supports of 
the liver are three 
bands of fibrous 
tissue, formed by 
jm.tt. ing Ilea un»do>n from iiA to ri(hi,»ub> the pentoneum, 

■»• UIh" ; t'ltlt Initio 4lii : ': nu psM ; /' h^l* koOWU OS the 

S^'^^u^ti^S^iJi^nttl^^^^ broad and thetwo 
"™^ lateral ligaments. 

Each lobe of the liver is found upon close inspection 
to be formed of a great nnmber of small bodies, called 
lobules or acini, about -^ of an inch in diameter. Each 
lobiUe consists of an aggregation of nucleated eelU 
(p. 158) called the hepaiic ceUa, among which ramifies a 
close network of capillaries. The liver is supplied with 
blood from two sources ; first, the hepatic artery, which 
is given off directly from the aorta, supplies arterial 
blood; and, eeeond, the portal vein, brings the blood that 
has circulated through the veasels of the intestines, etc , 
which is consequently vonoiis. The blood leaving the 
liver is collected into several vessels called the hepatic 
vemt, which open into the vena cava inferior. 

The distribution of the bloodvoasels in the liver is 
somewhat compHcated. The manner in which they 
enter that organ will be best uiideratOQi\i-g \lA«t«&p.fe^a 
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6g. 23, which gives a view of the liver from below. 

'Hhe portal vein, Jiepatio artery, and hepatic duct, ocoom- 
paoj each other ia their ramification among the lobulee. 
The ^ort(U vein subdivides into small branches which 
ran between the lobales (and are therefore called inter- 
lobular vessels'), and give off Btill 
, smaller branchea, which penetrate 
thelobnlee, andbreaknpintcadensa 
capillary network, in the meelies of 
which are the hepatia edit. These 
capillaries are then collected into a 
i vessel called the iatra-lobwiar veitt, 
I which occupies the centre of each 
f lobule, and opens into one of the 
branches of an hepatie vein. The 
hematic artery also sends out between 
•iui''wiijituiiA^°iba!icu?u the lobviea branchefi which conimn< 
hl^u^v'^ ^'u°%''uii'*ti^ nicate with the capillary network 
ini. TM ^baiJf<^iS!"t'. withiu each hhttle. 
'""""""'"" The liver is continually secret- 

ing a fluid called bile, which is conveyed into the rf«o- 
demtm by a tube known as the h^atia duct. 

When digestion is not going on the aperture by which 
the hepalie duct commnnicates with the dnodenom is 
closed, and the bile flows into a sac called the gall 
bladder, where it is stored up until retjuired. The gall- 
bladder ia connected with tno hepatic duct by a tnbe 
called the exilic duct. 

The subdivisions of the hepatic duet have been clearly 
traced as far as the surface of the lobules ; but concerning 
the manner in which the branches terminate, there is 
some diversify of opinion ; probably the ultimate ramifi- 
cations commnnicate with spaces between the h^atie 
eelle (fig. 25). Although we may not be qnite dear as 
to how it is accomplished, yet it ia certain that the 
flnid secreted by the lobules finds its way into the 
hepatic duct, 
VtinotionB of the Liver. Besides the important 
Anotioa of secret ing bile, the liver poeaeBaea V!ii» ^(^«<c 
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t materially altering the condition ol some of the 

onstitnents of the blood passing throngh it, and this 

esnlta in the for- 

lationof the kind ' 

f BQgar called ^ 

lucosa or gn 

ttgar. 

Bile. The hih '' 
1 a slightly alka- 
iie, yellow fluid, 
rith a very bitter 
aste. About 30 
r 40 ounces are 
ecreted daily. 
?}iis secretion 
akee place con- 
inoally, bnfc is in- 
reased when di- 
'Ofitionisgoingon. luf'Jf'iiii — , 

The following SE^1^'^jri:ir(Ju;"Zii"',ES-™ ;5i;r-iii"-.iSa: 
able will serve to "*" 

how the composition of bile, althongli the proportions 
f the constituents vary in different examples. 

Ox GuL on Bile. 

rater 880-00 

TamooholateotBodaj ^"^ .... 9000 




The most important of the above constitnonta ore the 
lurochoUUa and ghfcoeholate of toda, which form the 
Uin. 

That the Hie is derived from blood bvoTV^^ Hn '>!'^& 
iver liy tb« portai wt'n, and not ixom \!ba^ \rci'&^^'^'^ 



Two purposes are served by tli 
the elimination from the blood 
sabstancesy and the formation a 
in the process of digestion. Tl 
yerj imperfectly understood. It 
of the chyme, and has the e£ 
matter to a fine state of diyisioi 
being alkaline, it also mixes to so 
and so forms a kind of soap, wh 
sorbed bv the lacteals. It also : 
enables them to absorb more re 
tion of the hUe is re-absorbed I 
becomes so entirely changed tha 
in the blood. 

Oliicose, Although no trace 
may be discernible in the blood o 
portal yeio, yet the blood which 
hepatic vein always contains mor 
has been proved in the case of an 
flesh, where, although no suga 
system, yet glucose could always 
vein. The formation of glucose in 
in another way : take the liver froi 
and wash out the bloodvessels 1 
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end being placed in the curve of tbe dnodennm, and its 
«mal]er in contact with the spleen. It ia very Bimilar in 
Btmctore and fanction to the salivaiy glanda. The small 
TCBEels ,convejiiig the pancreatic secretion from the 
lobuies unite to form the single paitereaiia duet, which 
generally opens into the hepatic dact near its entrance 
mto the duodeaom, bat sometimes into the dnodennm 
itself. The se- 
cretion of pan- 
creatic flnid is 
mnch less con- 
staut than that j 
of bUe. 
tekes place I 
chiefly daring 
digestion, and 
flows into the 
doodenam.The 
pancreatic Said 
Trben fresh is 
altaline, and ! 
COntEUUB a sab- 
Btance called 
panereaim. It resembles saliva, bat contains no 
sidphocywnide of potassium. By it starch is converted 
into dextrine and sngar ; and in conjunction with the 
hUe it assists in converting the chyme into chyle. 

Intestiual Digestion, We have already seen that 
the starchy matters of the food aro partly converted into 
sngar by Uie saliva (p. 40), and that this process is to a 
greater or less extent stayed in the stomach by the efiect 
of the acid of the gastric j nice npon the ptyalin (p. 43). 
The nitrogenons materiala being acted upon by the 
gastric j'nice, are more or less dissolved, and the fatty 
matters are broken np, and mixed with the other con- 
stituents of the food. The flnids in the stomach and the 
portions of nitrogenons matter which are in a state of 
eolation are, to a considerable extent, absorbed by the 
walk of the stomach. 
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The clianges whicli tlie food tindergoes in the intestines 
have now to be considered. The chyme^ passing through 
the pylorus, enters the duodenum, and is acted upon By 
the bile, pancreatic juice, and by the fluids secreted 1^ 
Briinner^s and LieberkuhrCs glands; but the precise 
mode in which each of these fluids acts is not known. 

The most important change which the chyme under- 
goes in the intestine is that its fatty matters are so 
emulsified and otherwise altered as to make them ea&y 
of absorption by the villi. The alkali of the hue 
neutralizes the acid of the gastric juice, and the con- 
version of starch into sugar which was almost stopped in 
the stomach now goes on again rapidly. These changes 
convert the chyme into wlmt is known as chyle. Nitro- 
genous matters also continue to be dissolved in the 
intestine. 

The peristaltic movements of the intestine (p. 45), 
cause ihe chyle to move towards the lower parts of the 
bowel, the nutritive portions being absorbed as they pass 
along. It appears that most of the fatty matters find their 
way through the epithelium of the villi into the lacteal 
vessels, while the nitrogenous and saccharine consti- 
tuents are absorbed chiefly by the blood capillaries of 
the villi. 

As the chyle approaches the end of the small intestine, 
it becomes more and more alkaline, and most of the 
nutritive matters with a certain proportion of the fluids 
have been absorbed. But soon after passiug the ileo- 
cascal valve, it again becomes acid. This is probably 
dae to the fermentation of some portion of the food. 
Absorption of the nutritive matter and fluids still goes 
on in the large intestine, but to a much less extent 
than in the small. Those portions of the food which 
are not digested as they pass alon^ the intestine become 
more and more solid, and acquu*e a peculiar coloui 
and odour; the colour being due to the colouring 
matters of the bile. They are then collected in the 
rectum, and periodically expelled. 
Absorption, The manner in wUcli tlo^e &V^^ ^otV^sm^ 
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of the chyle find their way through the walls of the villi 
into the lacteal vessels is not yet definitely known. It 
appears that the fatty particles in an extremely fine 
state of subdivision, are first absorbed by the epithelial 
cells of the mncons membrane^ and then pass into the 
lacteal vessels ; but how they pass from the one to the 
other is not known. 

The absorption of solutions of sugar, albumen, etc., 
by the capillaries is efiected by the physical process 
called osmosis. It is found that when two fluids of 
different densities are separated from each other only 
by a membrane, they pass through the membrane to 
each other, the one that is less dense passing through 
much more rapidly than the other. The passage of a 
less dense to a denser fluid has been termed endosmosis; 
while the passing of a denser to a less dense is known 
as exosmosis. 

Hunger and Thirst. The sensation of hunger is felt 
in the region of the stomach. It does not, however, de- 
pend simply upon the condition of that organ, but arises 
from a want of nourishment in the tissues generally. 

Nutriment introduced into the blood, without going 
into the stomach, relieves the sensation of hunger. 
Solid substances, even if they are not adapted for food, 
will, however, when introduced into the stomach, allay the 
feeling for a time. 

The sensation of thirst is experienced apparently at 
the back of the mouth and fauces ; but is due to a want 
of liquid in the blood of the system generally. 

Thirst is only relieved for a very short time by 
moistening the fauces; but by introducing liquid into 
the stomach, where it may be absorbed, or directly into 
the blood, the sensation is completely relieved. 

Pbactical Section. 

Examination of the Alimentary Canal. The varions parts of 
the alimentary canal shonld now be carefully examined, and the 
student shotild read the descriptions of the yarious organs given 
in the former portions of this chapter, and compare them with 
the parts of the rabbit. 
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■'oceutly killed should be laid npon its side, and u 

In tlic eMd from the comerof the mouth bockwardl 

r, uid the Ekiu turned asiile ami removed from tbe 

lio Lead and lower jaw. The parotid gland will bi 

Below tbe ear, and Uie membranes, etc., -nhich cdtb 

Icaiefollf dteaecled off. The tvbmaxillary lies beI<iT 

' e jaw. Tl;e tvJilingual glanda Ghoald be EOaght (or, 

require more carefnl dlBsection. 

r jaw of the aide being examined sbonld now Im 

B do this, first eeparate, with a strong knife, its two 

Lir jmiction in front ; then ant through the mnselM 

I and other parts by which the lower jaw ia attached, 

lit from ita aocket. This will lay open the cBTitjd 

I The teeth wiU be seen to be very diSerent fromthota 

le tongue, palate, and qvdIb ehoold next be examined. 

Imny then be laid upon ita back, and the abdomen and 

d B.S belora desaribed. There will, howeTer, be no 

aye the band between tbe two cavitiea as was then 

I n rounded end should be passed down the Ihroit 
. the stomach, and Ihs tube through whioh the win 
wphagus) be laid opeu with the knife. 
Ihngtis is uow cut across just below the diaphnmm, 
on attached to tte Btomach held with the loroepaso 
J atomach, the TOeeentery being eut through to alio* 
with the liver and intestine, to he removed. TlH 
Iho rectum should bo tied tightly round, and then 
the iignture, Tho stomach ma; be eeparated 
opened, and washed, and then examined wiUl 
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small thin bladder, and then fill the bladder with some dense 
fluid such as strong solution of salt. If this be now placed in a 
vessel containing water, the salt solution will be found to rise 
graduallj in the tube, owing to the water passing in through the 
membrane faster than the salt solution passes out. 



CHAPTER VL 

THE BLOOD. 

Uses and Compoflition. The blood is the red fluid 
which circnlates through the arteries, capillaries^ and 
veins. Its uses in the system are very varions and 
important. It carries the nutritive materials to all the 
tissues of the body, and the products of waste to those 
organs whose function it is to eUminate and discharge 
them from the system. From the hlood the various 
secretory glands derive the materials for their secre- 
tions. The blood also carries to all parts of the system 
the oxygen it receives in the lungs. And again, it is 
by means of the blood that the temperature of the body 
is equalized. It is essential to the life of the tissues 
that they receive a proper supply of blood ; that is to 
say, they must be so situated with regard to the capil- 
laries that the nutritive matters contained in the blood, 
and exuding through the walls of the vessels, may get 
to the tissues, and that the products resulting from their 
waste may pass into the blood. 

Although apparently a homogeneous fluid, the blood, 
when examined with the microscope, is seen to consist 
of a colourless fluid termed the plasma, or liquor saivgui- 
nis, in which are suspended great numbers of minute 
bodies, called the lilood corpuscles ; these are mostly of a 
red colour, but some of them are colourless, and are 
distinguished as the loTiite or colourless corpuscles. 

Blood is an alkaline fluid somewhat heavier than 
water ; it varies in colour from bright scarlet to a deep 
purple, according to the part from whence it is obtained. 
That which issues from a wounded ^t^^t^ ^ Vs^^H. 
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scarlet, and is termed arterial hlood ; wHle that issuing 
from a vein when cut is purple, and is called venow 

The dififerenoe in the colour of the blood depends 
upon the amount of oxygen which it contains; the 

scarlet colour being caused by the pre- 

r\ ^il sence of a greater quantity of oxygen, 

^ W ^ and the purple by a deficiency of oxy- 

^S}^ d ^®^' ^ ® amount of carbonic acid is 

^ ® ^ always greater in venous than in arte- 

"^ ff^ rial blood. (See Be^iration.^ 

The quantity of blood in the body la 

said to be about i^ or -^ of its entire 

weight. The temperature of the blood 

Fio.27. Ham»a blood IS maintained vcry coustautly at about 

florpoicles (magulfled 800 1 QO^ F 
diatneten) : a, red corpus* 

«i«B. .ho^g central de- Coagulatlon of tho Blood. 11 

prsBsioii ; b, one seen edge* ^ ^^ 

iLto*iodl Vr^M^^d ^^0^^ ^® drawn from the body and 
nw?^^I*3sSi»i allowed to stand quietly for a few mi- 
nutes, it will be found to lose its fluidity, 
and become semi-solid or jelly-like. After a time the 
mass contracts, and a yellowish fluid called serum is 
pressed out. The solid portion, known as the clot or 
crassa/mentum, will float in the serum. 

The change in the blood just described is called 
eoagvlation, and is brought about in the following 
manner: — ^It has been ascertained that the jplasma of 
blood contains two peculiar substances, closely allied to 
globulin (p. 29). One of these, termed fibrinoplastin 
or paraglohulin, is closely allied to, if not identical with, 
the globulin of the red corpuscles. It may be obtained 
not only from blood plasma, but also from chyle, lymph, 
connective tissue, the cryst»*lline lens, etc. The second 
substance, called fibrinogen, may be obtained from blood 
plasma and also from serous fluids, such as pericardial 

* The pnlmonary artery yields pnrple blood, and the pulmonary 
vein scarlet blood ; the reason of this will be obyions when the 
fhm^ea which the blood undergoes in ^h© Vm^^ «t^ ^ioxksidftT^d., 
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fluid, p. 15, etc. When these two substances nuite 
a fibrous material is formed which has received the 
name of fibrin. If a small portion of coagulated blood 
be examined with a microscope, it will be seen to consist 
of a mass of these fibres in which the blood corpuscles 
are entangled. 

From what has just been said, it is clear that fibrin, 
as such, does not exist in fluid blood, but is the result 
of the combination of the two substances, fibrinogen 
and paraglobulin. Fresh blood, then, consists of plasma 
and corpuscles; coagulated blood of serum, fibrin, and 
corpuscles; consequently, as fibrin is derived from the 
plasma, it is obvious that serum is plasma, minus the 
materials which form fibrin. 

Under ordinary circumstances, when blood coagulates 
the fibrin is formed before the corpuscles — which are 
slightly heavier than the plasma — ^have had time to 
settle down, consequently they become entangled with 
the fibrin. But if by any means coagulation be retarded, 
or the corpuscles be made to sink more rapidly, fibrin 
may be obtained free from corpuscles. 

In cases of inflammation blood is found to coagulate 
much less rapidly than usual, and the coagulation 
presents certain peculiarities. In the first place the 
fibrin, being formed less quickly, the corpuscles have 
time to sink ; they also have a greater tendency than 
usual to run together into rolls (p. 59), and this con- 
dition helps them to sink through the plasma more 
readily. Thus it is that in the clot of inflammatory blood 
the red corpuscles are only found in the lower part. 
The upper part has an opalescent whitish appearance, 
and is known as the buffy coat. This kind of clot con- 
tracts more than ordinary clot, and its surface presents 
in consequence a peculiar cup-like form. 

Conditions which hasten Coagulation: — 

1. A moderate temperature, 100° to 120° F. hastens 
coagulation. 

2. Contact with foreign bodies. Blood allowed to 
flow into a vessel begins to coagulate first where ii» \g» \xs 
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contact with the vessel. A wire thrust into a vein 
becomes coated with fibrin. When drawn blood is 
stirred with a bundle of wires or twigs they become 
coated with fibrin. 

3. Best is generally favourable though not essential 
to coagulation. 

Oonditions which retard OoagulaUon: — 

1. Cold has the effect of retarding coagulation, and it 
is said not to take place at all when the temperature is 
below 40° P. 

2. Contact with living tissue keeps the blood fluid for 
a very considerable time; this is especially the case with 
living bloodvessels. 

4. The addition of a sufficient quantity of many saline 
matters, especially sulphate of soda, effectually prevents 
coagulation ; but if water be added, so as to dUute the 
salt, coagulation takes place. 

Plasma. The constituents of blood vary in proportion 
in different individuals, and in the same indlviaual at 
different times. On an average out of 100 parts of 
blood 79 are water and 21 solid matter. The plasma 
and corpuscles exist in very nearly equal volumes, the 
plasma being slightly in excess. As we have already 
seen, the plasma contains" paraglobnlin and fibrinogen, 
which are the constituents of fibrin. Although fibrin plays 
such an important part in the process of coagulation, the 
amount of it in the blood is extremely small, 1000 parts 
of healthy blood yielding only from 2 to 4 of fibrin. 
The s&rum, that is, the piUtsma minus its fibrin, is an 
alkaline fluid containing about a ninth part of its weight 
of solid matters. Albumen forms about 8 per cent, of 
the serum, the remainder consisting of fatty, extractive, 
anfd saline matters dissolved in water. 

Bed Blood Corpuscles. It is the red corpuscles which 
give to the blood its characteristic colour. These bodies 
are soft and flexible, and have the form of round discs. 
In man their diameter is about ^aW ^^ ^^ inch, and their 
thicknesB abont ^p^^^^^ of an inch. Their surfaces are not 
quite ^t, fcn^ somewhat concave*, sotl[i^\.'^\verL«rKami^^ 
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snder the microscope they exhibit a central partj which, 
according to circumstances, appears lighter or darker 
than the surrounding portion. This central part must 
not be confounded with the minute spot or nucleus found 
in the red blood corpuscles of some animals ; for the red 
ooipuscles of human blood have no nucleus. 

The tendency of the red corpuscles to run together 
lias been already alluded to under coagulation (p. 56). 
Soon after blood has been drawn, the red corpuscles 
become attached to each other by their flattened surfaces, 
forming rods or rouleaux, which join together in an 
irregular kind of network, a small portion of which is 
shown at flg. 27, c. 

Each red corpuscle consists of a tough outer coat con- 
taining a fluid or almost fluid material of a red colour, 
known as hcBmoglohin, and sometimes called cruor. 
MoBmoghhin may be resolved by certain processes into 
glohulin and a colouring matter called hoematin. The 
trae colouring matter of blood corpuscles in its natural 
eondition is cruorin^ but in the process of separating 
it from the globulin it becomes slightly changed in 
character, and is then termed hsBmatin. Hsematin 
contains a considerable proportion of iron, 

^imuia Blood Corpuscles. The white or colourless 
corpuscles are larger and far less numerous than the 
red. They have a diameter of about ^-gV^r of an inch, 






Via S8. Vurloiu fonni aaramad by a colourleM blood eorpnsele. {KMn. ) 

and are nucleated; that is, they have in their interior 
a small rounded body or nucleus^ which in rare cases 
only is red. Their great peculiarity is that while alive 
they are constantly changing form. Fig. 28 will give 
some idea of the shapes assumed. A portion of the 
soft material of which the corpuscle is composed, i» 
slowly thrust out at different points, and tiiv^ia. ^^^^isJJc^ 
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jody, in two difiEerent conditioiis, viz. : arterial and 
\i8. The most obvions difference between them is 
■ colonr, the former being bright scarlet and the 
r purple. But the most imporbant difference is in 
? compo- 
n. At- 
1 blood 
ainsmore 
en and 

carhonic 

than the 

ii8f and 

lewhat 

e fibrin, 

rather 

albumen 

fat If 

)nS blood piQ. 29. mood eryrtals magniAed. I., from hnnum blood ; II. 
XTKlSed to ^'"'"^ gninea-pif ; III., from iquixrel ; IV., from hjunster. (Qiiain.) 

air it soon changes colonr and becomes arterialized. 
n the other hand, arterial blood be exposed to carbonic 
it gets darker, and becomes at length venous ; but 
change does not take place so rapidly as the former, 
same changes take place, but more slowly, when a 
moist animal membrane intervenes between the 
d and the air or carbonic acid, 
he blood passing through the capillaries of the lungs 
nly separated from the air by a very delicate mem- 
16 (p. 78), and therefore part of the oxygen con- 
ed in the air is absorbed bv the blood, and part of 
carbonic acid contained in the blood passes through 
membrane and becomes mixed with the air, the 
>ii8 blood thus becoming arterialised. (See Ees^ra- 

fhj the absorption of oxygen and the giving up of 
Kmic acid causes the blood to assume a bright red 
or is not known with certainty. It has been thought 
i the red corpuscles are somewhat flattened by the 
ence of oxygen, and slightly swelled by caxb<^\^ 



amount uk uajt^oaa m* v.*. «. «,..^_ _ . 
bined with a larger proportion of c 
iDuch brighter appearance. The < 
acid in the blood has much less d 
than the amount of oxygen. 

The conversion of arterial into 
place in the capillaries of the hoc 
siderable proportion of its oxygen 
process of oxidation; the amoni 
depending npon the quantity of mt 
carbonic acict formed in the process 
through the walls of the capillaric 
the blood. 

The composition of the venous b 
of the body varies considerably: 
turning from the stomach and alii 
or less charged with the soluble 
which have been absorbed. That 
by the hepatic vein always conte 
returning from the spleen is usi 
corpuscles, and contains an unus 
of the colourless corpuscles. 

Pbactical Sect 

r!/\aim1af.{on of tllO BlOOd. TMs 
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about one-fifth as mnoh as it will hold of the abovd solation. 
!ni6n fill up the bottle with freshly drawn blood, which may bo 
obtained from a butcher's slaughter-house, and if possible should 
be got into the bottle direct from the animal. Well mix the two 
fluids by shaking, and then allow the mixture to stand quietly. 
Under these conditions the blood will not coagulate ; and further, 
the blood corpuscles, being heavier than the plasma, will sink to 
the bottom, leaving the plasma as a more or less clear fluid. 

When the corpuscles have sunk to the bottom of the bottle, let 
some of the clear fluid be carefully decanted into another vessel. 
To show that this fluid contains the materials necessary for 
coagulation, add to it about one-fifth of its volume of water. It 
will then be found to lose its fluidity, and to become a jelly, as in 
ttie first experiment ; but being free from red corpuscles, it will 
be almost colourless. 

Blood Corpuscles. In order to examine blood corpuscles 
a moderately powerful microscope is necessary. Let a small drop 
of blood (which may be readily obtained by pricking the finger 
with a sharp needle) be placed upon a clean slip of glass, and 
eovered with a piece of thin glass, such as is ordinarily used for 
microscopic purposes.* By this means the blood is spread out 
into a film, and may be examined with the microscope. At 
first the corpuscles will be seen as pale disc-like bodies fioating 
in a clear fluid. After a time they will be observed to stick 
to each other by their flattened faces so as to form the rows 
already mentioned (p. 59). The colourless corpuscles are to be 
leen among the red ones, but they are much less numerous. The 
amoeba-like movements of the colourless corpuscles, which take 
place very slowly, are most easily studied in the blood of titie 
newt. The best way to see them is to take a drop of blood from 
a newt just killed, and arrange it on a slip as above directed, 
tiien carefolly surround the thin glass cover with a rim of oil to 
prevent the blood drying ; get a colourless corpuscle fairly in view 
in the field of the microscope, and draw its form upon a piece of 
paper. After letting it stand quietly upon the microscope for a 
few minutes, draw it again, and observe the difference in its form. 

The red corpuscles of newt's blood will be observed to be larger 
than those of human blood ; to be oval and not round ; and to 
have in their interior, a small body or nucleus which is not 
present in human red corpuscles. 

The colourless corpuscles of both the human and newt's blood 
have a nucleus. 

The nuclei of the blood corpuscles are better seen if a drop of 
magenta staining fluid (see Appendix) be allowed to run under 



* noth kinds of glass may be obtained at any Bbop where microscopic 
Biatorials are wdd* 



and after a short tune lift the mass with the 
some small drops of the flnid npon another j 
them to evaporate, when crystals will be foi 
viewed with the microscope. 



CHAPTER Vn. 

ORGANS OF CIRCULATIC 

General View of the Oiroulation. 
sidered the nature of the blood, it now be 
to understand the manner in wbicli ii 
through the body. In order to do this 
first to notice the general course of the 
secondly, to study more in detail the oi 
circulation is accomplished. There are ty 
in which the blood circulates, viz., the Syi 
circulation, and the FuJmona/ry or lesser c 

a. Systemic Circulation, Let us tn 
which the blood takes, starting say fromi 
until it returns to that point again. ( 
left ventricle the blood, which is then < 
into the aorta, and thence by branches t 
arteries to all rwirta of +lio \\f\A'^ 4-V'* i 
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t to the Rght auricle ia venoue. The blood then 
into the right ventricle. 

blood retnming from the alimentar; canal, is 
id into a veaBel called tbe vena porta, which, 
ig the liver, divides and snbdivides nntU it forma 
work of oapillaries. After paanng throngb tbese 
Hea tbe blood is f^ain collected, this time into 
laiic veins which open into tbe inferior f wia cava. 
assage of the blood tbroagb the Ever is known as 
■tal oirctdation. 

ulmonary (Hrcttlalion. From the right veiiiride 
ood flows into the pulmonary artery, whose 
es open into the capillariea of tbe Inngs. In pass- 
nngh theaBpuirnonary eapil- / 

tbe blood beeomes artenal- 
It is then received into tbe 
uvry vema, and conveyed hj 
nto the left amide of the 

From thence it passes into ' 
1 ventricle, the point from ^ 
we supposed it to start, and * 
npletes the pulmonary or 

) Heart. The heart, as we 

sen, is the central oi^anof 

conlatory system. It is by ^ 
of its powerfttl contrac- 

haA the Hood is driven to 

-ts of the body. In size the 

s about equal to the closed 

the person to whom it be- 
lt ts placed in the thoras, 

n tbe lungs, but not qnite 
middle line, its base being 
upwards and backwards, 

1 apex downwards and forwards, reaching to the 

between the fifth and aixtb ribs, a little to the 

the stemnm. 

w alrmdy been stated that the heart contains four 
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oliambers. The right auricle opens freely into the right 
ventricle, and the left catricle opens freelr into tlie l^l 
verUricle ; bnt tlie ohamberB on tb.e one aide do not com- 
mnnicate directly irith those on the other. 

The heart is a mnscalar organ, all the moscles being 
of the striped kind, bat their fibres are destitute of sar- 
colemma. (See Hittology.') The 
vraUs of the two aorioleB are 
thin, having simply to drive the 
, blood into the ventricles. The 
walls of the ventriclet, in accord- 
ance with the nmch greater work 
they have to perform, are tliick, 
those of the left ventricle being 
mnch thicker than those of the 
right; the right ventricle having 
to drive tbe blood through tiie 
lungs only, while the left has to 
force it thronghont the entire 
! bodv. 

Externally the heart is covered 

hj one layer of the partcordttun, 

and internally by a membraoons 

and epithelial luiing called the 

: endocardiwm. 

The hcEtrt itself is supplied 
witJi blood, by the two coronary 
arlerieg which are given off from the aorta just above 
the semilunar valves ; these arteries, dividing and sub- 
dividing, convey blood to the tissues of the heart, 
from which it is returned to the one coronary vein, 
which opens directly into the right auricle. 

TesselB oonneated with the Heart, The right 
aurieh has three vessels opening into it: the cupmor 
and the inferior vencB eavce, and the small coronary vein. 
The left atiride receives the four ^lUmmiary vmnt. The 
rigid ventricle gives oS the pulmonary artery, and the 
l^l gives off the aorta. 
Ths Valves of the Heart aaiid. kEtecim. Eftah 
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mxide opens finely into the ventricle on tha same side 
of the heart, the aperture being guarded by certain mem- 
branous folds or vahies, -which prevent the return of 
blood from the Tentriole into the trariole. The valves 
ure supported npon a, fibrous ring snrronnding the 
anricalo-ventricolar apertnre, and project inwarda and 
downwards, formiog flaps, whose inner edges are con- 
nected by slender tendinous corda (chordie tendinece) with 
the -walls of the ventricles, >, 

or with certain little mnscu- 
lar pillars (_columtuB camete) e 
rising &om the walla of the 
Tentricles. 

The result of this arrange- 
ment is that the pressure of ^ 
the blood in the auricle act- 
ing upon the upper surface 

of the valves causes them to __^ ^ 

fall bacic against the walla ^^'^^,^^^^3ljj^^ 
of the ventricle, thus leaving j£^;^'^j^™^tIIi^,Ki 
the aperture open. Bntwhen T^mi c, irfi'»iiri.ico.™uiiniM.iiM- 
the ventricle contracts, the miii>-i™iricnur »portori uui mtoMd 
blood getting behind the flaps ' "''''' '™™'" 
forces them upwards, and causes tbem to meet together 
across the aperture, effectually closing it. The <^ord» 
tendinen prevent the edges of the valves from being 
carried into the auricles by the presBnre of the blood. 

The right anricnlo-ventricolar aperture is guarded by 
three of tbese flaps, which together form what is known 
as the iricagpid vahe. The valve of the left anriculo- 
ventricular aperture has only two flaps, and £rom its 
resemblance to a bishop's mitre, is called the miral 
vahe. It is sometimes termed the bicuspid. 

The aperture between the left ventricle and the aorta, 
and that between the right ventricle and the palmonary 
artery, u^ each strengthened bv a fibrous ring support- 
ing three pouch-like vuves whicn allow the blood to pass 
out of the ventricles, but completely close the aperture 
against its Tetum. These valves, which ws in. bathcBBa* 
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called semUiMar caJnes, are the 011I7 oneB found ia llie 
arteriei. 

ValTes of the Veins. At the point vrhere the in- 
ferior vena cava opens into the right auricle there is a 
, mBmbranouB fold termed the 
Euetaekian vahe ; and many of 
j the reins of the body have at 
' intervale in their conrse folds of 
the lining membrane eo placed 
as in some measure to pre- 
vent the blood passing in any di- 
rection bnt towards the heart. 
Beating of the Heart. The 
moscnlar fibres of the heart are 
BO diBposed, that when they 
contract the cavitieB <^ the 
Fi "» vj™ of Tiiu IB ntii- heart m« very mnoh rednoed in 
t''ii«toS'U'°iuSS^^"^Sri*' sae. The contractiona take 
SSiIi^i'iu«°'iSi2«j''°*^ place in a regular and definite 
manner; first, Bimnltaneoosly 
the two anriclcB contract ; then imniediately afterwards 
the two ventricles ; after which there ia a panse before 
the contractiona are repeated. The state of contractifm 
whether of an auricle or ventricle ia termed ita systde, 
and their state of relaxation dnring which they dilate, 
is termed their diariole. The heart's action ia not 
under the infinence of the will, but is altogether invoU 
uniartj. At the same time, certain affections of the 
mind have a considerable effect npon it. 

The Herves of tha Heart. The heart is supplied 
with three kinds of nerves : first, it receives hrancfaes 
from the pnewnogaetrie neroe (p. 110) ; second, &om the 
gym^atheUc tyateni; and, thirdly, it has nerves which 
are connected vdth gangl^ situated in the heart itself. 

The r^alar rhythmical contractions of the heiurt ap. 
pear to d«^nd upon the last set of nerves. 

Certain emotions, snch aa those of great jay or sorrow, 
M^i^r tbiongb the other sets of nerves, very materially 
t'aterfore wim the regular action <A. tiw^iewrt.. "^Vii*'* 
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appears that when the sympathetio nerres are nndnly 
excited, the beating is accelerated, inducing what is 
called palpitation of the heart. If, on the other hand, the 
pnenmogastric nerves are affected, the heart's action 
is retarded, producing famting ; or it may be stopped 
entirely, and thns cause sudden death. 

The Effect of the Heart's Oontraotion. All the 
bloodvessels being full, let us suppose the auricles also 
to be just filled with blood. ' A contraction of both 
auricles takes place, the tendency of which is to force 
their contents into the veins and into the ventricles. 
The veins, being already fall, offer considerable resist* 
ance ; but the ventricles are at this time in a relaxed 
condition (their diastole), therefore the blood passes 
freely into them. 

The systole (contraction) of the ventricles follows, as 
we have seen, directly after that of the auricles. The 
effect of this would be to force the blood back into the 
auricles but for the mitral and tncuspid valves, which 
effectually prevent it. The other outlets from the veiv- 
trides are the aorta from the left, and the pvlmimiary 
artery from the right. Both these vessels are fall of 
blood, and consequently oppose considerable resistance 
to the introduction of more ; besides which, their semi- 
lunar valves are closed. But the force with which the 
ventricles contract is so great that the semilunar valves 
are forced open, and the blood is driven into both those 
arterial trunks. 

The systole of the ventricles being completed, their 
walls relax, and their chambers >re ready for the repe- 
tition of the process above described; the semilunar 
valves preventmg the blood from passing back into the 
dilated ventricles. 

Sounds of the Heart. If the ear be applied to 
the thorax of a living person in the region of the heart, 
certain sounds can be heard. First, there is a dull sound, 
somewhat prolonged ; then follows a sharp, quick sound, 
and then a pause, after which the sounds are repeated. 
Thissuccessionof soundsis heard atevery beat of tbeheart. 
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The cause of the first sonnd is not exactly known, bat 
it is probably due chiefly to the closing of the auriculo' 
v&iitricular valves, and partly to the contraction of the 
muscles of the heart itself. The second, sharper sonnd is 
known by experiment to be caused by the sudden dosing 
of the semilunar valves ; for when these valves are tied so 
as to prevent their closing, the sound is no longer heard. 

The Structure of the Bloodvessels. It will now 
be necessary, in order to understand certain of the 
phenomena presented by the circulation, to consider the 
stracture of the arteries^ veins, and capiUaries. 

If the wall of a large artery be examined, it will be 
found to consist of several layers, (a) There is first, 
an epithelial lining (see Histology), which presents a 
smooth surface for the blood to flow over. (6) Then 
there are several layers of a highly elastic tissue, alter- 
nating with layers of unstriped muscular fibres which are 
wrapped round the vessel. It will presently be seen 
that the elastic tissue of these larger arteries plays a 
very important part in the circulation of the blood, (c) 
On the outside of the arteries is a coating of fibrous or 
connective tissue. In the small arteries the muscular 
layer is proportionally thicker than in the large ones, 
but the amount of elastic tissue gets relatively less. The 
muscular fibres, which are under the influence of the 
sympathetic nerves, regulate the supply of blood to 
the various organs and tissues. 

The large veins difler from the large arteries in having 
walls which are very much thinner, and which contain 
much less muscular fibre and elastic tissue. The smallest 
veins and arteries more closely resemble each other in 
these respects. Veins further difler from arteries in 
having certain valvular folds of membrane which are 
not found in the arteries. 

The fine threadlike vessels called capillaries, connect- 
ing the arteries with the veins, form a delicate meshwork 
which traverses almost all the tissues of the body. They 
ana /rom jtjVo" ^ isdt ^^ ^"^ v^^ in diameter. In 
^^0 langa thej are even smaVIer th^^ \\Aa. '^^v^ xsva^iaRs^ 
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which they form vary maoh in size and character in 
different situations. The walls of these capillaries 
are composed of an extremely thin stractnreless mem- 
brane, in which small oval nuclei occur at intervals. 
The thinness of the walls of the capillaries allows the 
fluids they contain to exude through them for the 
xumrishment of the adjacent tissues. 

TheFulse. If the finger he placed upon an artery 
(the radial artery, for instance, which passes along the 
wrist just below the thumb), a regular rise and fall, 
Galled the ptihoj will be felt. The cause of the pulse is 
as follows : When the ventricle of the heart contracts, 
the blood is forced into the arteries faster than it can 
pass through them ; and as their walls are elastic they 
expand. This expansion does not take place throughout 
the body at the same time; but commences in the 
arteries next the heart, and gradually passes along them 
with a wave-like movement, which becomes less and 
less as it advances, until in the capillaries it ceases 
altogether, the blood flowing there in a continuous 
stream. One of the results of this onward movement 
of the dilatation is, that the pulse occurs in arteries near 
the heart before it does in those which are more remote. 

There is no true pulse in the veins ; but in the larger 
venous trunks there is sometimes a kind of backward 
pulsation from the heart. 

If an artery be cut, the blood will issue in jerks. 
This is caused in the same manner as the pulse ; the 
force which would be expended in dilating the vessel 
were it entire, is expended in driving out the blood. 

Blushing and Pallor. What is commonly known 
as blushing is entirely due to the fact that the part 
affected has a larger supply of blood than usual, and 
consequently becomes red and hot. Pallor is produced 
by lack of blood. We have abeady seen that muscular 
fibres surround the arteries ; and it is obvious that if 
these fibres contract the calibre of the vessel will be 
lessened, and that if they relax the calibre of the vessel 
will be inoreasedf 



apacity ot tne small arteries ; oonseqiie 
nantity of blood passes through them, a 
be body to which they are distributed 
unsnal supply, becomes hot and red, or 
) said to blash. Blushing, which is nsna 
be cheeks, may extend to other parts of 
Pallor may be caused by extreme terr 
need in a manner exactiy the opposil 
'hich blushing is brought about. 
In pallor the sympathetic nerve is throi 
f greater activity. This causes the musch 
rteries to contract more than usual; 
!ss blood can pass through them, and the 
le part usually most affected, becomes pt 
The fact that these changes are due to 
' the sympathetic nerve can be shown by 
Evidence of Oironlation. The stru< 
»rt and bloodvessels is such as to leave 
e blood circulates in the direction des< 
lives of the heart and vessels would n 
)w in any other direction. 
When an artery is tied in a living anic 
ke place only on the side of the Ugatm 
art, thus showing that the force which 
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tect«d either in tbe brain, Bpinal cord, eyeball, ffnetles, 
or tendons. This nettoorh differs from the blood capil- 
laries ia only commanicating with Teasels canyii^ fluid 
from it. 

The ■walla of the lymphatic veBsels, although very 
thin, ore similar in Btructure to those of veins. They 
are composed of rauscnlar fibre and elastic tissue, and 
are lined with epithelium, Thej- also possess numeroas 
Tatres, which are mostly iu purs 
„ and give to the veesels a kuotted 
] appearance (£g. 35). Lymphatics 
V " differ from veins in beii^ much 
^ more uniform ia size, and iu being 
"' interrupted at many points of their 
coarse by certain rounded bodies 
termed lymphalie glands. 
It Most of the lymphatics empty 
1 their contents into the tkoraeio duct 
^ (fig. Z5), a vessel about the dze of a 
^ crowqnill, which runs up iuslde the 
vertebral column, and tCTminates by 
opening into the venous system at 
the point where tho vein coming 
from the left arm (left subclaviaii 
«etii) joins the vein coming from the 
left side of the neck (left jugular). 
The aperture at this point is guarded 
by a valve which prevents any blood 
flowing from the veins into the iho' 
racic duct. The remaining lympha- 
tics unite and open in a similar 
manner into the veins on the right 
■m liwrukiu.i Bide of the body. 

On entering a lymphatic gland the lymphatic vessels 
are subdivided, forming a network of capillaries, which 
are again united in the vessels which leave the gland. 

The lymphatic glands are richly snpplied with blood- 
resBels, bat these do not commonicate directly with the 
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Iiaoteals, This is only another name for the lym* 
phatics of the intestines. The small vessels occnpying 
the interior of the viUi of the intestines, are the ter- 
minations of the lacteaU (p. 45). The trunks of these 
lymphatics or lacteaXs traverse the mesentery as they pass 
&om the intestine to join the thoracic duct^ and the 
lymphatic glands "which are found npon them at this 
part are termed mesenteric glands. 

The lower, enlarged portion of the thoracic duct which 
receives the lacteals is termed the receptacle or cistern of 
the chyle, 

Iiymph. The flaid fonnd in the lymphatics, and 
termed lymph, is allcaline and contains nncleated cor- 
puscles. It is in fact similar to blood in composition, 
except that the red corpuscles are absent and it contains 
a larger proportion of water. The chyle when absorbed 
&om the intestine contains granules, but^not nucleated 
corpiMcles, The latter are only found in it after it has 
passed through some of the lymphatic glands. It is in 
these glands that the process of converting chyle into 
blood appears to commence, for after passing through 
them, the fluid contains not only corpuscles but fibrin, 
and will coagulate spontaneously. Lymph corpuscles 
have the same structure as the colourless corpuscles of 
the blood. 

Iiymph is constantly being absorbed by the lymphatic 
capillaries, and, eventually poured into the venous 
system. The quantity of this fluid thus added to 
the blood daily is probably about equal to the total quan- 
tity of blood in the body. Lymph consists partly of 
the chyle absorbed by the lacteals, but chiefly of blood 
plasma, which has exuded throngh the walls of the 
blood capillaries, and not having been again absorbed 
by the bloodvessels proper, is taken up by the lymphatics. 

Peactical Section, 

Dissection of a Slieep*s Heart. It is best to obtain a sheep's 
heart ^th the Inngs attached, as the position of the heart will be 
better understood than if it be cut away from its surroTixidlii^a* 



, w~«. «^w jfvfiiwiwtJbijf VC»?M* Xk will 

o attach threads ^th nnmberB to the veBsels, so tl 
le distingiuBhed when separated from the sturouiidis 
Having separated the heart from the Imigs, ont ont 
he wall of the right ventriole towards its lower part, 
he cavity open. Gradually enlarge the aperture nnti 
endinea and the membranous flaps of the taricutpidva 
'ontinne to lay open the yentriole towards the pnlm 
ntil the temilunar valvet come into view. The pnlm 
lay now be opened from above so as to diimlay the nj 
f the semilnnar valves. Bemove part of the wall 
oride, and examine the right anricnlo-ventrionlfl 
otice also the entrance of the't;«n« cava and eoronca 
The heart may now be turned over, and the left \ 
pen in a similar manner. Notice that the atuienlo 
alve of this side {the mitral) has only two flaps. The 
Edves is better seen if they are plaoed nndeor water 
> float out. Observe that tiiie walls of the left ventric 
licker than those of the right. Open the left auricle, 
le entrance of the pulmonary veinSt and the passa 
?ntricle. 

The ventricular cavity should now be opened up i 
)rta, and the semilunar valves examined. Cut ope] 
id notice the form of the semilunar valves and the 
le coronary arteries, 

Oiroulation in a Frog's Foot. In order to see tl 
dating in the membrane of a frog^s foot, it is neoessa 
og. For this purpose obtain a piece of soft deal, abou 
ng and three wide, and half an inch thick. At about 
)m one end of this out out a hole three quarters of 
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notdheB ant in ue tidei of the board. The board slioiild non be 
flxed by ela«tie banda, or b; Kay other oonTenient meaiu, upon 
the stue of the miarMOOpe, bo as to bring the membrane of the 
foot Unas the objeet glaaa. The membrane should be <>ooMi<ai- 
allj mdstened with water. 



CHAPTER VIII. 
RESPIRATION. 

Struotiue of the InmgB, eto. We bare already 
seen Bomethmg of tlie changes ondet^one by the blooci 
in passing through the lungs. We have now to con- 
sider the straotnre of thess 
organs* and th© manner in 
which their fonctionB are 
performed. The essential 
point in reepiration is to 
bring the blood into sach 
relation with atmospheric 
air that it may obtain the 
oxygen which it requires, 
and get rid of a certain 
amooat of ita carbonic 
acid. 

In the front, at the lower 
part of the phairnx, and 
jnsb at the back oJE the 
tongue, is the opening of 
the glottis, protected by its 
lid the epiglottis. Imme- 
diately wtthin this aper- 
ture ia the larynx, a com- 
plicated apparatus for the •u^t.iruddpHtiL^j V,nA>.^'ji.'idiu~t 
prodaction of the Toioe, to •.^_u|U^L»°iuiiuHb.«>iuriit.t •£, 
be considered fiirther on. •" "• i ttai i™ 

Directly below the larynx is the trachea, a tube whioh 
dirides at its lower end into two branches, or bronchi, 
one of which goes to each lung. Fnrther sabdivision 
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double-walled sacs, or plenrs^, in -wHch the lungs 
itained have already been described (p. 16). 
Mechanism of Inspiration and expiration. 
ihstandiiig the free communication between the 
) air cells of the lungs and the external air by 
of the bronchi and trachea, the air of the cells 
soon become deprived of too much of its oxygen 
.arged with too mncb carbonic acid to allow the 
ary exchange of gases to take place, were there not 
neans of introdncing fresh air into the longs. This 
of fresh air is maintained by breathing, or respi- 
which consists in first drawing air into the luogs 
'aMon)i and then forcing it oat again (expiration). 
processes are performed, in ordinary breathing, 
by muscles placed between the ribs, called inter- 
, by the diaphragm, and by the elasticity of the 

cavity of the thorax is entirely filled by the lungs, 
art, and the great vessels, these organs being in 
it with its walls and with the diaphragm below, 
bvity is also completely closed, and the elastic walls 
lungs are always somewhat stretched in order to 

so that when an opening is made into the cavity, 
sticity of the lungs immediately comes intoplayand 
}hrink considerably. While the thorax is entire 
igs cannot shrink, because to do this they would 

produce a vacuum between themselves and the 
of the chest, and as the pressure of the atmo- 

1 acting upon them through the trachea and bronchi, 
them to fill the cavity, it would be necessary for 

to contract with a force greater than the pressure 
atmosphere (15 pounds to the square inch), which 
they are quite incapable of exerting. When, 
er, an opening is made into the cavity of the 
; the pressure of the atmosphere upon the outside 
limgs becomes the same as that upon the inside, 
ey shrink by reason of their own elasticity. If 
the thorax is entire, the size of its oaviiy be in- 
d, air is drawn in through the tracbea, and the 



tite ribs, or by lowering Uie diapbngiii. 

The manner in whicb the nba are rail 
The ribs, which are movable apon the vei 
ura directed downwards and forwards, : 
in firont with trhe stemam by means of 
tilagi 
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The diajpJiragm (fig. 16), is a strong, arched partition 
itween the thorax and the abdomen. It is always 
mvex above and concave below. From the central 
)rtion, which is tendinous, muscles extend towards the 
bs and spine. 

The action of the diaphragm is easily understood. 
. is obvious that when its muscles contract the arch will 
3 drawn downwards, and consequently the cavity of the 
Lorax will be enlarged. When the diaphragm contracts 

pressure is exerted on the viscera of the abdomen 
hich causes its front wall to be thrust out. This kind 
* respiration is, in consequence, termed abdominal or 
laphragmatic ; while that brought about by the raising 
\ the ribs is known as costal resj)iration. 

Under ordinary circumstances, both kinds of respi- 
ition take place at the same time. In men, however, 
le respiration is chiefly abdominal^ while in women the 
)8tal is the more important. 

The diaphra^im is supplied by the phrenic nerve, which 
rises from certain of the spinal nerves of the cervical 
}gion. 

SSxpiration. Inspiration having been accomplished 
J the means just indicated, the lungs and walls of the 
lorax are in a state of considerable tension ; and in 
rdinary breathing, when the muscles of the ribs and 
iaphragm relax, the elasticity of the parts is sufficient 
) expel the air from the lungs. When, however, the 
cpiratory act is to be performed with more than ordin- 
vj force, as in speaking, singing, etc., the internal 
itercostals come into play to depress the ribs, while the 
bdominal muscles by pressing, upon the viscera force 
he diaphragm upwards, and so the air is driven out from 
be lungs. 

Different Kinds of Bespiratory Acts. Sighing is 
inoply a rather prolonged inspiration. 

Hiccough is an inspiratory act produced by the spas- 
iodic action of the diaphragm ; the air passing suddenly 
brough the vocal chords (p. 154), produces the peculiar 
onnd by which this act is accompamedi. 
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Cougliing, This consists first in a deep inspiration and 
closing of the glottis ; then the expiratory mnscles acting 
strongly, suddenly force open the glottis, and drive 
the air throngh the month. 

Sneezing is very similar to conghing, but the base of 
the tongue and the soft palate closing the passage into 
the mouth, the air is expelled through the nose. 

Sniffing is a short, quick, inspiratory act, in which, the 
mouth being closed, air is drawn up through the nose. 

The effect of sudden cold upon the skin is to cause a 
spasmodic inspiration; for instance, if the feet are 
plunged into cold water a sudden drawing in of the 
breath takes place. 

Respiration is essentially an involuntary action, but is 
nevertheless under the control of the will. All the in- 
voluntary acts of the respiratory organs are directly 
controlled by the medulla oblongata. Sneezing, cough- 
ing, hiccough, etc., are mostly involuntary respira- 
tory movements, and are caused by what is termed 
reflex nervous action (p. 102), Sneezing, for example, is 
caused by an irritation of the lining of the nose. £i this 
case certain nerves in the mucous membrane of the 
nasal cavity are excited, and convey an influence to the 
medulla oblongata ; this part of the brain has the power 
of converting the influence thus received into other 
nervous actions- which excite the respiratory muscles 
in such a way as to cause a violent expiratory act. 

Quantity of Air Bespired. It has been estimated 
that about 350 cubic feet of air are inspired and 
expired daily by an average man while at rest, the 
amount being very much increased during exertion. 

About 20 to 30 cubic inches of air are ordinarily in- 
spired and expired at each respiratory act. 

The air thus passing in and out of the lungs is termed 
tidal or hreaihing air. After an ordinary inspiration the 
lungs contain about 230 cubic inches of air. 

-Ff taking a deep inspiration about 100 cubic inches 
lacaie o£ air can be token iu •, t\iiB exXiWb ^TQsyccQk) ^ 
termed complemental air. 
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After an ordinary expiration about 200 cubic inches 
of air are left in the lungs, but by forcible expiration 
about half of this may be driven out ; this is termed 
supplemental air. The lungs can never be entirely 
emptied of air, about 75 to 100 cubic inches always re- 
maining ; this is called residual air. 

Cabio inches. 
Gomplemental air • • • • 100 

Tidal „ 30 

Supplemental ,, • • . . . 100 
Besidnal „ 100 

Total capacity of lunga • • 330 



The residual and supplemental air do not leave the 
longs during ordinary respiration. 

The number of respirations in a healthy adult vary 
from. 14 to 18 per minute. 

Changes which the Air undergoes in the Lungs. 
Ordinary atmospheric air consists of oxygen and nitrogen 
with a small amount of carbonic acid, watery vapour, 
and traces of other gases. Every 10,000 volumes of air 
contain about 7900 of nitrogen, 2100 of oxygen, and 
not more than 3 of carbonic acid. 

If, however, air which has been expired be examined, 
the proportions of its constituents will be found to be 
materially altered. The carbonic acid will be found 
increased to about 470 parts, the oxygen reduced to 1500 
or 1600 parts, the quantity of watery vapour very 
greatly increased, and the temperature of the air, which 
before entering the lungs was, say 60° F., will be found 
raised to about 90° or 100^ F. 

The amount of nitrogen in expired air is sometimes a 
little more and sometimes a little less than in air which 
has not been inspired. 

Expired air thus differs from the air inspired in 
having more carbonic acid, less oxygen, more watery 
vapour, and a higher temperature. 

The amount eft* carbon expired, in the form of caxbQuic 
acid^ during 24s hours, is about ei^Vi OTXXi^^^ 
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Thus it will be seen that the air in the lungs gains 
what the blood loses, and loses what the blood gains. 

When two different gases are placed in contact they 
immediately begin to mix with each other, and continue 
to do so until they are completely mixed. This phy- 
sical process is called the diffusion of gases. If the two 
gases are separated by a dry porous partition diffusion 
will still take place; modified somewhat, however, by 
the fact that a dense gas will not pass through such 
partition with the same ease as a lighter one. 

If the partition be a moist animal membrane the 
diffusion becomes still more modified, for then the gas 
that is most easily dissolved in water will pass through 
quickest. If carbonic acid be placed upon one side and 
oxygen upon the other, it will be found that the carbonic 
acid passes through quicker than the oxygen, the former 
being much more soluble than the latter. 

These physical processes enable us in some degree to 
understand the changes which take place in the lung^. 
But they do not explain them, for although the con- 
ditions in the lungs are just those of the moist membran- 
ous partition separating oxygen from carbonic acid, yet 
instead of the amount of oxygen passing in being less 
than that of the carbonic acid which passes out, it is 
rather more. Why this is the case is not known ; it must, 
however, be remembered that the oxygen (and probably 
the carbonic acid also) is held in chemical combination 
with certain constituents of the blood, and this may 
modify the process of diffusion. 

There is another point to be borne in mind, namely, 
that it is the residual and supplemental air of the lungs 
"'^hich is directly concerned in arterializing the blood ; 
and further that at each inspiration diffusion takes place 
between that and the tidal air. 

Asphyxia. When from any cause a sufficient quantity 
of pure air is prevented from entering the lungs the 
P®^-ffozz becomes suffocated or osp/ia/aJtafecZ, In cases of 
^^^'^^^gf drowningj or cliolring, ^© caoao oi ^«»^i^[l\% 
'^ ^^ne, viz., a want of fresli air to «rteMb\M» ^^X^qk:^^ 
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The restdt is tbe same whether air is altogether pre- 
vented from entering the lungs, or whether that which 
is breathed has too little oxygen or too much carbonic 
acid. In either case the blood does not become arterial- 
ized, and asphyxia ensues. 

Want of oxygen appears to be the most potent cause 
of asphyxia, for air may contain 15 or 20 per cent, of 
carbonic acid, and yet if the amount of oxygen be also 
increased, it can be breathed without producing any 
immediate ill effect. 

The direct effect of want of oxygen is to retard and 
eventually stop the flow of blood in the capillaries of 
the lungs. This prevents the blood from passing out 
of the right ventaiole, which consequently becomes 
gorged ; as do also the right auricle, and the veins. The 
left side of the heart and the arteries become empty. A 
lack of arterial blood soon causes the heart and all the 
organs of the body to cease to act, and death takes place. 

In small close rooms or in places where large numbers 
of people are assembled, and there is not sufficient 
ventilation, the air from being respired becomes over- 
loaded with carbonic acid and deprived of much of its 
oxygen, and therefore unfit for further respiration. Per- 
sons respiring such air feel a certain uneasiness and 
difficulty of breathing, and the faintness which is often 
felt under such circumstances is a form of asphyxia. If 
such air be habitually breathed, as it is by persons who 
remain in close workrooms many hours daily, the blood 
does not become properly arterialized, consequently the 
organs of the body lose their vigour and are more liable 
to disease. A sufficient and constant supply of pure air 
therefore is absolutely essential to the maintenance of 
health. 

Practical Section. 

Bzamination of Iitmgs, etc. The cavities of the month and 
thorax of a dead rabbit haying been laid open (as directed for 
exaonning the alimentary canal, p. 54), the trachea is traced 
upwards to the back of the tongne, and dissected away from the 
pharynx, which lies behind it. The tongue may then be cut ont 
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SO as to bring the trachea with it ; and, provided the npper ribs 
have all been out through in opening the thorax, there will be no 
difficulty in separating the trachea from the surrounding parts. 
But the lungs and heart (which should not be severed from 
the trachea), are held in position by the aorta and oUier large 
' vessels. Tnese must now be cut through, in order to remove the 
lungs from the thorax. 

The relation of the glottis and epiglottis to the tongue having 
been examined, the two large cartilages at the top of tiie trachea 
(the cricoid and thyroid cartilaget) should be noticed, l^ese two 
cartilages form the box in which the organ of voice is situated. 
Notice that the rings of cartilage which give rigidity to the 
tradiea are not quite complete behind. Insert a tube into the 
trachea, and inflate the lungs by blowing into them. Their 
elasticity will cause them to shrink again when the blowing 
is discontinued. By dissecting away the substance of the lung, 
the bronchi, accompanied by the bloodvessels, may be traced for 
some distance; but to see the smaller vessels and capillaries, 
they require to be injected with some coloured fluid, and very 
thin slices of the lung examined with the microscope. 

The Action of the Intercostal Muscles. The action of 
those muscles is not at first easy to understand : but it will be 




Fio. 39. Model of ribe to illaiirate the action of tlie intezcoital mtuclee : B, M 
In inq>iration ; C, ae in ezpixation. , 

readily comprehended by reference to a model such as that 
represented in fig. 39, which may be easily made by the stu- 
dent himself with four laths of wood, fastened together at the 
comers, a, 5, c, <2, with pins or small screws, so as to be movable. 
At the points e^f^g^h, pins are placed, to which elastic bands 
may be attached (fig. A), a, 5, represents the vertebral column; 
c, <2, the sternum ; and a, <2, and &, c, the ribs. The elastic band, 
/* 9t represents the external intercostal muscles, and «, ^, the 
internal intercostals. If now the elastic band e, h, be removed, 
^Ii0 remaining band /, g, will tend to bring the two points to 
rrijcb it ia attached nearer together, and Uie x«b^^ '^niiX. \k^ ^i;i&\i 
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I a, d, and b, e, mH he drawn upwards (fig. B), that is, 
me direction as the ribs in the act of inspiration. When 
ic band, e, h^ is allowed to exert its force, the opposite 

II be produced (fig. 0) ; in this case representing the 
of the ribs in an act of expiration. 

nstration of the presence of Carbonic Acid in 
I Air. One of the characteristic properties of carbonic 
liat when added to an aqueous solution of limet it com- 
Lth the lime, forming earbcmate of lime^ which, being 
) in water, becomes precipitated, and gives to the liquid 
appearance. 

piece of ordinary quich lime into a bottle with some 
hake it, and allow it to stand until quite clear. Pour off 
liquid (which will contain lime in solution) into a tumbler 
glass vessel ; with a syringe cause ordinao^y atmospheric 
)ubble through the liquid: little or no effect will be 
I.* 

)ut the end of a glass or indiarubber tube into the 
jid allow the other end to dip into the solution of lime ; 
ir which is being expired bubble through the fluid. The 
ill very soon become cloudy, on account of the combina- 
he carbonic acid contained in the expired air with the 
ihe solution} as mentioned above. 



CHAPTER IX. 

ANIMAL HEAT. 

b not evolved in the Lungs alone. Although 
t of the body is, v^ithout donbt, dependent npon 
fgeii supplied to the blood in the lungs, yet the 

of oxidation, which is the immediate cause of the 
kes place throughout the system, 
less of Oxidation. The internal temperature of 
y is maintained at about 100° Fahrenheit, v^hat- 
ly be the temperature of the surrounding atmo- 
Heat is generated v^herever oxidation occurs; 
hether the chemical combination takes place 
, as is the case in an ordinary fire, or slowly, as 

capillaries of the body, the heat generated is 



larbosic acid of the atmosphere nuty zoake the floid somewhat 
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proportionate to the^xaonnt of material oxidized. The 
chief sotiree of heat in the body is the oxidation of 
materials derived from the fats and amyloids taken as 
food ; bnt in the capillaries of the body generally, the 
materials of which the tissnes are composed combine 
with the oxygen of the blood, forming carlonic acid, urea, 
and water; and in all these processes heat is evolTed. 

In veiy cold climates it becomes necessary to snpply 
the body with a considerable amonnt of readily oxidiz- 
able food, in order to maintain the requisite temperature; 
hence it is that the inhabitants eat and drink enormous 
quantities of fat and oil. 

Begulation of the Temperature of the Body. 
Oxidation does not take place equally in all parts of the 
body, being more rapid in parts which are in active 
exercise than in those which are quiescent. The con- 
stant flow of the blood, however, equalizes the tem- 
perature by conveying heat from the warmer to the 
cooler parts. Without this constant circulation of warm 
blood, the surface of the body would be rapidly cooled 
by the radiation of its heat ; but the continual flow of 
the warm fluid from deeper parts to the surface, and its 
quick return to the deeper parts, maintain the exterior 
of the body at very nearly the same temperature as 
the interior. 

The heat of the body is further regulated in a remark- 
able manner. The moisture or perspiration which is 
constantly evaporating from the surface of the skin 
(pp. 24, 93), carries off a considerable amount of heat. 
The quantity of perspiration depends upon the condition 
of the small vessels and capillaries which supply the 
glands of the skin. If these vessels are relaxed, more 
blood flows through them, and consequently more perspi- 
mtion is secreted and thrown out upon the skin. Now 
the condition of the bloodvessels is affected, through the 
influence of the nerves, by every change in the temper- 
ature of the medium surrounding the body. If this 
temperatmre be increased, the nerves are affected in such 
B manner as to allow the muscleB oi tYv© \csa^"a \iOt^3ml\ 
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the resnlt is that more perspiraidon is exuded, and this 
in evaporating carries off tike extra heat. If, on the 
other hand, the temperature of the surrounding medium 
is lowered, the nerves are affected in such a manner as 
to cause the small hloodvessels to contract, by which 
the amount of perspiration is lessened, and the loss of 
heat by evaporation reduced. 



CHAPTER X. 
SECRETION AND EXCRETION. 

DefinitionB. There are certain organs of the body 
having for their function the separation of particular 
matters from the blood. When the matters are sepa- 
rated in order to be again made use of in the body, they 
are termed secretions; and the organs which subserve 
this purpose are called secretory organs. When, however, 
the materials are eliminated so that they may be thrown 
out of the system, they are called excretions^ and the 
oi^gans performing this work are termed excretory organs. 
The secretory organs are the liver and 'pancreas, salivary y 
gastriCj mtestincJ^ lachrymal, Meibomian, and mammary 
glands f and the serous, synovial, and mucous membranes y 
etc. The excretory organs are the sJdn, lungs, and 
kidneys, 

Frooeas of Secretion. The exact manner in which 
the various secretions are eliminated is not known ; bat 
it appears that the cells lining the gland extract from 
the blood certain materials by which they grow, and 
that the fluid they contain, which is the sea-etion, is set 
free by the absorption or bursting of the cell wall. 

The secretion of some glands is increased if the nerves 
which supply them be irritated. For instance, if the 
nerve supplying the salivary glands be excited, the 
saliva is directly poured out in greater abundance. It 
is not known whether this effect is due to the action 
of tibe nerve upon the bloodvessels connected with the 
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Bion of epithelial cells, eupporb 
brane, under which are blood c 
connective tissac. These parts 
and excretory organs, howere 
Such membranes Une tbaperiea. 
fltc.) and the ezodation, or tea 
from their sarfaces, Iceepa them 
BynoTiia Hembranea. Th 
called synovial eapmlet, foimd 1 
BorfaoeB of bones (p. 150), and 
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(6g. 40). Of tlifa kind are the gastrto folUdea (fig. 21) 
and Lieber7cuhn*8 glands. The sweat glands (fig. 41) are 
simply tubular depressions of the skin, the inner end 
being coiled np. The Meibomum follicles in the eyelid 
(fig. 07) are tabular glands, the sides of which are 
sacculated. The sebaceous glands, which may be found 
opening into most hair sacs (p. 93), have the inner por- 
tion sacculated. The inner end of the tube may be 
divided into numerous branches, each ending in a little 
sac or acinus ; such glands are termed racemose. The 
salivary and lachrymal glands and the pancreas be- 
long to this last group. 

The narrow tubular portion of a gland, by which its 
secretion is conveyed away, is termed its duct 

The liver and pawyrea^ have already been described in 
connection with the alimentary canal (pp. 46, 50). 

Ductless or Vascular Glands. The organs known 
by this name are certain structures usually termed 
gdands, but whose functions are not known. None of 
^em have any special duct. They are the thyroid gland, 
mtnated in the neck, just below the larynx ; the thymus 
gland, which occupies a position at the base of the 
heart (this is largest in infants, and gradually dis- 
' appears as age advances) ; the 8u;pra'renal capsules, 
placed, as their name indicates, one above each kidney ; 
and the spleen. The spleen is a dark red body, placed 
in the abdominal cavity upon the left, side of the 
stomach. It is supplied with blood by the splenic 
artery; and the vein by which the blood is carried 
away and poured into the vena ported is called the 
splenic vein. The spleen is very vascular and elastic ; 
when cut across, the surface exposed is seen to be dotted 
with small white bodies, called the splenic corpuscles, 
each of which is found upon close examination to be 
composed of very minute cells, enclosed in a network of 
capillaries; moreover, each splenic corpuscle is connected 
with a branch of the splenic artery. The blood of the 
splenic vein contains more white corpuscles and fewer 
red ones, than that of the splenic artery. On this account 
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I termed papUIfs. ThoEo are abundantly sup- 
I bloodvessels, and project into the epidermis 
fcnscqnently somowbat thinner over the point: 
lillasthan elsewhere, In almost all the papillai 
3 fibres may be foimd, terminating ii 
I pecnliar oval bodies termed laclih 
|(P- 114). 

i nails are both modifications of epidermn 

■e therefore parts of the skin. Their intimaf* 

"'.1 be foand described at p. ICl. 

58. The lunga are extremely important as 

lescretion. They separate from the blood bot! 

J large quantities of carbonic acid. It has hew 

1 found more convenient to describe their strac- 

Iction Tinder another heading (p, 77). 

Jdneye. There are two of these organs, aac 

the abdominal cavity, one on eacl 

sido of the nppcr lumbar verte 

hrlB. In shape the human kid 

neya resemble those of the sheep 

' but are larger. Each has npoi 

its inner side a depression callw 

the hihis. It is at this point tha 

Itlhe bloodvosaels enter its suh 
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The snba^'ftnce of the kidney ia composed of two por- 
tions, -whicli differ somewhat in appearance. The outer 
OP darker part ia known as the eoTlieal portion, while the 
inner and lighter part ia termed the medullary portion. 
The latter forma the pyramids jnst mentioned. The 
point of each pyramid ia perforated by a nambcr of 
minute openings, which are 
the termioations of email 
tabes called iuhtiU uriniferi. 
Each of these tubali passes 
towards the cortical portion, b 
and divides into a number of 
branches (fig. 43). These at 
first ore qnite straight and 
narrow; bnt afterwarda be- 
come enlarged and convoln- « 
ted, and after forming long 
loops, generally end in a 
dilated portion called a Mai- 
pighian capsule. Each Mai' 
pighian capmle reoeives a 
Bmall artery, which ent«rs 
upon the side opposite that 
m which it is connected with 
the tiibuh (figs. 44, 45), and 
then breaks np into a knot ^ 
of fine conToInted capillaries 
termed a glomendm. The 
capillaries are again collected: 
this time into a small vein, 
which leaves the capsnle close 
to the point where the artery r 
enters it. This vein does not ^ 
open directly into a larger ! 
vein, bat brc^s up again into I 
a network of capillaries anr- ' 
ronnding the tubules (fig. 44). The blood from these 
capillaries is collected into a vein connected with the 
renal vwh The tubali and ca^aalea a.i:Q Uufid. w\t1^ 
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epithelial colla, oontinnouB vitb those of tbo mucons 
membnuio lining the nreter and the pelvis of the kidney. 
It is not known 'with certainty 
whether or not the glomervlue bus 
n covering of epithelinm. 

The elimination of the urine 
from the blood takes place in the 
.Malpighian capsnles and in the 
tubuli. This process goes on con- 
stantly ; and the flnid passes into 
the pelvis of the kidney, and thence 
throngh the nreter it enters drop 
by drop into the bladder. 

Urine when freBh has nsnally tm 

o'liif iix acid I'eaction ; bnt if left to stand, 

iu|iiu>BtodH»i>iUiiiii. it soon becomes alkaline. It con- 

— ktM iiwinhu^ sists of a large proportion of water, 







K-^«jii6_ 



containing urea. 



; add, animal 
._.u.uiii matlera, and eaJine ^iheianeea, to- 
I'th.^i- gether with very small proportions 
^an'-^^ili'^Si^'ima of cai'bonic add, osygen, and nitro- 
iMBeworic ggjj rpjjg ajnonnt excreted Tsries 

very considerably, being inflnenced by many circum- 
stances. It has been estimated that 
a healthy man excretes abont fifty 
onnces daily. 
, Siipphj of Mood io the Kidney§. 
Each renal artery arises directly 
■ from the aorta, and entering the 
•■ kidney at the hilug, snpplies it with 
arterialized blood. Its ultimate 
branches enter the Ifolpighian cap- 
snles as above described. The blood 
is collected into the rencd vein, 

which, leaving the kidney also at 

KtTS5Sibim«SJto,''Ji * the TiittM, opens into the inferior 
iff^^^^ISf 4!SSS' ■''eaa cava. The blood does not be- 
"** tf5«»wj come TenoTia i 

i6e kidney, tbt^ vrliich paBaes oat bj tVo teoBX ■• 
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even niore pure thaii that whicli enters by the 

artery. One reason is that the urine which is 
lated from the blood in the kidney contains 

carbonic acid and less oxygen than the blood 

consequently there must of necessity be pro- 

>nally more oxygen and less carbonic acid in the 

after the urine has been excreted than there 
}ef ore. Besides this, urea and other waste mat- 
ire also excreted at the same time. It has been 
a that the blood of the renal vein contains less urea 
that of the lefb side of the heart; it is, in fact, the 
t blood of the body. 

the nerves which supply the walls of the small 
Is of the kidneys be irritated, the excretion of 

ceases, and the blood of the renal vein becomes 
Ls. It would seem that the irritation reduces the 
e of the small arteries, and consequently the 
ire of blood in the capillaries, to a degree below 
necessary for the excretion of urea and carbonic 

while ilie absorption into the blood of the waste 
)rs produced by the activity of the contracting 
les renders the blood venous. 
e Bladder. The bladder itself is an oval sac, 
ed externally by a layer, of peritoneum, and lined 
lally by mucous membrane. The muscular fibres, 
I are found in its walls in considerable quantity, 
: the unstriped kind. The urine is collected in the 
er, and periodically expelled through a duct called 
irethra, which opens externally. The orifice by 
I the urethra opens into the bladder is ordinarily 
closed by a ring of muscular fibres or sphincter. 

Pbactical Section. 

positions of the Tarions secretory and excretory organs 
Iready been pointed out. Some of them, such as the liyer, 
8, etc., are large and easily found ; but others, such as the 

follicles, sweat glands, Meibomian follicles, etc., are small, 
qjsaxe to be spedEdly prepared for microscopic obserration. 
tr information regarding the methods of preparing some 

more important glands for investigation will be found in 
apter on Histology (pp. 160 and 169). 
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: I pressions ; to govern all mason 

sequentlj all movementB of tl 
' ' consideiwle influence oyer the 

■ I brain is the seat of conscionsi 

! • will, and indeed of all mental 

i Two Nenrous Systems. ' 

, \ two systems of nenres, (1) the 

f^ sympcUhetiCf which are intima 

other. The first consists of 
(or cerebro-spinal axis as the 
with the nerves passing off f 
a double chain of nervous gm 
another by cords of nerve G 
Both systems have two pr 
and nerve-centres. The foncti 
to conduct nervous influence 
Nerves which convey impres 
termed afferent; those which 
from the centres are termed ej 
Nerve centres are composed 
corpuscles (p. 171) intermingle 
tion is either to perceive sei 
afferent influences received sc 
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pleasant or painful states of conscionsness. But now sup- 
pose a person wishes to move liis hand. Here the will 
influences the efferent nerves connected with the muscles 
which move the hand, causing such an impulse to be 
conveyed to the muscles, that they contract, tlie result 
being that the hand is moved. 



a,-oesmbb,0'Spi:nal system. 

The Spinal Cord. The spinal cord is continued 
upwards into the brain, and downwards to about the 
second lumbar vertebra, where it becomes reduced to 
a fine thread termed the filum terrnindle. Nerves are 
given off at intervals from both sides of the cord, and 
pass out from the neural / « & c a / 
canal by apertures between \j^S^^^ I 

the arches of the vertebrae, 

termed iihe intervertebral fora- ^ (^I^IHHJ^S^b- ^ 
tnmo. 

The membranes surround- 
ing both the brain and 
spinal cord have already been cori^iuid ita ^lILting ufembnSies'^diS! 

deSCnbed (p. 20). ^erTof arachnoid, whi<£*i8 BeQn to be 

rrvi« n-m.n«>»rkw«<N««4. ^Q A-'Urx continuous with c, tlio iiuier layer, thuB 
I ne arrangement Ot tne encloaing a space ; a. splnal cordBhowlng 

parts of the spinal cord is best '!^ii^U^i:^S^l!'^f,lL^\^Sor 
understood by examining a ^^^<^^'<^^^ 
transverse section. If the cord be cut through in the 
cervical region, it will exhibit somewhat the appearance 
represented on an enlarged scale in fig. 47. Two fis- 
sures, one behind, the other in front, penetrate deeply 
into the substance of the cord, very nearly dividing it 
into two lateral halves. In the middle of the isthmus 
joining the two halves is a small aperture, c, which 
is in &ct a canal that has been cut across. It ex- 
tends, as do both the anterior and posterior fissures, 
throughout the entire length of the spinal cord. 

The section also reveals two different kinds of 
nerve substance ; externally a white, and internally a 
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greyiHh material. The white portipn consiate of nerve 
fibres rnnning for the moat part in the dirGotion of the 
length of the cord, and held together b^ connective 
tissue. The grey 
portion contains a 
great number of 
ganglionic corpm- 
ctes. In ea«h late- 
ral half of the 
cord the grey in- 
ner part is ao 
arranged ■ as to 
present in section 
a more or less 
crescentio form ; 
the extremities of 
the orescent being 
directed forwards 
and hackrrards, 
and termed re- 
spectively the an- 
terior and pos' 
terior comua or 
horns. The two 
connected together by a band 
of grey matter which passes through the isthmns 
(fig. 47). 

It will be seen by reference to the fignre that the 
white substance in each half of the spinal cord is divided 
by the horns of the grej matter and by the fibres passing 
from these, into three portions, which have been termed 
the anterior, posterior, and lateral columns. 

Spinal ITorves. Thirty-one spinal nerves are given 
off from each side of the spinal cord, and are distribnted 
chiefly to the mnscles and skin. Each nerve arises from 
the cord by two roots, an anterior and a posterior, both 
of which consist of a nnmber of nerve fibres. The 
anterior root fibres arise along the line separating the 
aaicn'or from the lateral column, ■w^uift ^ba -eo^KciOT: 
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root fibres arise between the lateral and posterior 
colamns(fig. 48). Just before the two roots join, the 
posterior root is enlarged, and forms a ganglion. Al- 
thongh bonnd np together in the same bnndle, the nerve 
fibres of the two roots remain quite distinct, and perform 
two entirely different fane- c b e a 

tions. It has been proved by 
experiment on a living ani- 
mal that if the anterior root ^^__i,__,-^_ 
of one of the spinal nerves ^^' MijyOF J i^> 
be cnt through, the power ' ad I c 

of motion is entirely lost in Pra. 48. PorUonofspInaleord. ahowlng 

1.1.^ ^^-^r, r,^•w^^^^:^A 1^^ 4-1^ a4- origin of root* of spinal uerve» : tt, ante- 

tne parts SUppiied. by tnat rlor root, tttat of tlte left side has been oat 

■»r«.«..^ V»«4. a^ 1^*^o. »« 4.1,^ ^r>« through and turned aside; 6, posterior 

nerve, but so long as tne pOS- root, with its gangUon. o; d. anterior. 

terior root remains entire the '.PO-terior median Assure, iquain.)^ 

parts retain their sensihility. If, however, the posterior 
root be cut and the anterior left entire, then the sensi- 
bility of the parts is destroyed, while the power of motion 
is retained. When both roots are severed both power 
of movement and sensibility of the parts are destroyed. 
If when both roots are cut through that portion of the 
anterior one connected with the spinal cord be irritated 
by pinching, burning, or galvanizing, no appreciable 
effect will be produced; but if the other portion of 
this same root be irritated, the muscles to which it is 
distributed contract. Again, if the portion of the pos- 
terior root which remains in connection with the spinal 
cord be irritated, it at once gives rise to the sensation of 
pain, but when the other portion of the same root is 
irritated no effect is produced. 

From this we learn that the posterior roots of the 
spinal nerves only convey influences towards the spinal 
cord, they are therefore afferent nerves; and as the 
influences they convey usually give rise to sensation, 
the nerves are also termed sensory nerves. The anterior 
roots, on the other hand, only carry influences front the 
spinal cord to the muscles, they are therefore efferent 
nerves; and as these influences cooa^ Q,«!c^m \32iSis^<iJA% 
tv contract, the nerves are ternxei. motoT tl^t^^^'s^* k^^^twj^. 
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I not always 'ensory, neither are efferent nerves 

potion of the Spinal Cord, The spinal cord 
\ the niedinm Ly which nervona inflnences are 
md from the hrain, but we shall now see 
) has the power of acting as an independent 

■ation of the posterior root of a spinal nerre, 
p part of the skin supplied by the nerve, im- 
an impression npon the brain (p. 101). 
Drd he cut through at any point above 
rve no sensation is felt, because the 
Bproduced by irritation of the uerre eeases 
■•eyed to the brain, which aloao has the powei 
' ig tiie sensation, Further, when the cord 
cred the laill has no longer any control over 
Bhich are supplied with nerves -from the cord 
1 section ; in other words, volunt-ary movement 
|irts becomes impossible. 

3 spinal cord has been cnt through, we 

y part of the body supplied with nerves from 

El of the cord severed from the brain, certain 

Honnectcd with the separated portion of the 

jhe seen to move. If the irritation be saffi- 
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d ^jy the fact that 'wben the cord !s destroyed 

no longer take place. 

rther, afferent inflaenceB are conveyed to the cord 

9 posterior roots of the epinal nerves ; for if these 

rered while the cord is entire, the pinching of parts 

icted with the 

iB 80 cnt, will no 

r cause mosonlar 

ments. 

pecnliar power of 

Trt^g afferent into 

%t impulses, which 

lave just Been the 

matter of the cord 

sses, is known as 

aoHoR. It is the 
Bsion of this power 
entitles the spinal 
to rank as a nervous 
\ and not merely 

coodnctor of im- 
s to and firom the 

e direction which 
fibres of anterior 

raterior roots of i 
nerves take in 
»rd is very peca- 
It appears that 
fy fibres (posterior p„,, «. 
after entering !^ljta£,*^ 
»rd pass into the SSS\iS!!^Mi^ 
matter, and im- KSSS'iS'"'" 
ately cross the U"™"-*"' 
ins to the opposite side; sensory impressions 
; thns conveyed to the brain along the grey 
yv, on the side of the cord opposite to that on 
t they enter it. 
ia is shown by the following experiments. If the 




^^^Miu, IX iiLv n^ub nan ot tuocoTcL becui ii 
eluding both white and grey portions, irrita 
rlglit side of the bod^ stiU produces an 
upon the bi*ain, while irritation of the left 
the section causes no sensation. Thus atu 
the sensory fibres entering upon the left side c 
have passed across to the opposite side, and 1 
been severed by the cut. 

The fibres of motor nerves (antmar roc 
pass across the cord directly they enter bi 
along the side on which they enter until they 
medulla oblongata (fig. 49, m), and then croi 
the opposite side. 

It follows, therefore, that when all the whit 
of the cord are cut through, as in the first ea 
all the parts below the section lose the power 
tary motion, although tbeir sensibility remaix 
as the grey portion is continuous. If the 
of the cord be cut through so as to divide both 
white portions, the power of voluntary motic 
lost in all parts below the section on that side 
on the opposite or left side. The sensibility, 
of the right sido will remain, while that of th< 
will be lost. 
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The Br^n, The Lmnon brain, vrbeu viewed from 
above, displays two large lateral masses. Tbese are 
called the cerebral Jiemigpheres, and are so large as in tbis 
view to coinpletelj cover all tbe other parts of the brain. 
They are separated by a deep median Jlssure ranninc; 
from front to back, and the surface of each ia marked 
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ont by namerOTiB deep depressions or mhi, into peculiar 
tracts called convolutions or gyri. Certain of the mlei 
which are fonnd apon the sides divide each hemisphere 
into three portions or lobes called xesTOttvitl-^ ftis. •»(«> 
/ftfwr, middle^ BnApoeUinor lobea, 
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A view of the tinder surface of tlie brain is given in 
fig. 60. That part of the brain which is continnous 
with the spinal cord is the medulla oblongata {d). In it 
the fibres of the anterior columns of white matter (p. l04«) 
cross from one side to the other, and at this place the 
columns are somewhat enlarged. These enlargements 
are termed the anterior pyramids^ and the crossing of the 
fibres is known as the decusaation of the a/nterior pyra^ 
mids. Between the medulla oblongata and the posterior 
lobes of the cerebral hemispheres is the cerebellum (c). 
A broad transverse band of fibres called the pons Varolii 
(e) connects the two sides of the cerebellum. The 
fibres of the medulla oblongata in this view pass under 
the pons Varolii, and, appearing in front of it, form 
the two crura cerebri. Just in front of these there are 
two small rounded bodies called the corpora albicantia, 
and a little further forward the two optic nerves can be 
seen to join, forming what is called the ehiasma, or 
decussation. The lobes of the cerebral hemispheres can . 
be seen in this view, and are indicated by the letters a, 
h. The roman numbers in the figure refer to the cranial 
nerves (p. 109). 

If the brain be divided longitudinally by cutting 
perpendicularly through all parts below the great median 
fissure, it will exhibit somewhat the appearance given 
in fig. 61. The central canal of the spinal cord (i) is 
continued into the medulla oblongata, where it gradually 
gets nearer and nearer to the dorsal surface, and at 
length enlarges into a chamber covered behind and above 
by a thin membrane, and known as the/<mr^^ ventricle 
of the brain. 

The cerebellum (d) is situated above this region, and is 
composed of numerous plates of nerve substance, so ar- 
ranged that when cut across, as in this figure, they have 
a foliated or tree-like appearance ; on this account they 
have been called the arbor vitoe. From the fourth ven- 
irJcle, a narrow canal passes upwards and forward into 
anotber cavity ^ the third ventricle (z). Abo^^ VJ£i\a ^"d^Tv^l 
are four little rounded bodies called l\ie cor^^ova q[w,<Xi- 
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drlgemtna (h); below the canal are the erttra cerebri . The 
third venincle is compressed from side to side, and is 
produced below into a kind of fiinnel connected with a 
peculiar little mass known as the pituitary body {(/). 
The nse of this hody is unknown, and the same may be 
said of another small body, connected with the thin roof 




of this same ventricle, called the j)ineali;7anci. Upon each 
side of the front part of the third ventricle, there is an 
apertnre (m), the foramen of Munro, leading into one of 
the two cavities fonnd within the cerebral hemispheres, 
termed lateral ventricles. 

The fibres of the crura cerebri are continned into two 
nervons masses, called the optic ihalami, which form the 
lateral walls of the third ventricle. From these the fibres 
pass into two other nervons masses termed the corpora 
ilriala, which form the floors oi liVe \Btew.\. ■^^^ijfisJsa. 



vr 



viAv uwiiAyrujT cumviissurCf IS p 
third ventricle. 

la the medulla oblongata, 
interior, &nd the "white matter 
spinal cord. In the cerebeUun 
this is reversed, the grey vesici 
and the white fibroos portion i 

Funotions of the Brain. 
resembles the spinal cord, bot 
impressions, and also in acting 
centre. This portion of the 
than any other to the continn 
producing the most serious re 
by experiments that from son 
except the medulla, may be ; 
life will continue for a conside: 
cord may likewise suffer exte 
producing immediate death, 
wounded, especially near its c€ 
ceases, the heart stops beating, 

Mention has been made of th 
of the motor fibres in the mec 
have seen how the severance of i 
of the spinal cord below the de 

Volimtfl-TrDr Tnr\fir»Ti Ti-r\/\-« 4-V.«A -^J 
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of the "brain, very little is definitely known. The corpora 
qnadrigemina, wifch certain parts lying near them, arc 
intimately connected with the optic nerves, and their 
destruction by disease or injury causes blindness. 

Various functions have been attributed to the cere- 
bellum, but at present nothing can be definitely stated, 
except that it exercises considerable influence in regu- 
lating and combining muscular movements. 

With regard to the cerebral hemispheres, it is certain 
that upon them all mental operations and voluntary move- 
ments depend ; any considerable derangement of these 
parts causing idiotcy, while extensive injuryresults in the 
entire loss both of intelligence and of voluntary motion. 
Endeavours have been made to show that certain por- 
tions of the hemispheres are the seat of special mental 
faculties, but this has yet to be proved. Experiments 
have lately been made which tend to show that definite 
regions of the hemispheres are intimately connected with 
the movement of special groups of muscles, but on this 
point further information is needed. 

The brain as well as the spinal cord is capable of giv- 
ing rise to reflex actions (p. 102). The closing of the 
eye when threatened with a blow, affords an illustration. 
The optic nerve in this instance acts as the afferent con- 
ductor, carrying the impression produced upon the 
retina to the brain, where it is reflected upon efferent 
nerves, and conveyed by them to the muscles that 
close the eyelids. 

Cranial or Cerebral Nerves. From the brain and 
medulla oblongata twelve pairs of nerves are given off, 
some of which are sensory and others motor. In many 
anatomical works, only nine pairs are reckoned; the 
seventh and eighth, on account of their leaving the cavity 
of the skull together, being called the seventh, and the 
ninth, tenth, and eleventh, for the same reason, being 
called the eighth ; the twelfth of course then becomes 
the ninth (fig. 50). 

The first pair are the olfactory nerves or nerves ot 
smell, which are really prolongations of the cerebral hemi- 



alter leaving wnicn eacn nerve passes to ( 
In tHe chiasma the fibres of the right nei 
the left, and vice versa, (Sensory nerves,) 

The third pair supply all the mnscles < 
cept the two which are supplied by the f < 
pairs. (Motor nerves,) 
, The fourth pair supply the superior < 
of each eye. (Motor nerves,) 

The fifth pair of nerves arise each I 
sensory and a motor. Each nerve becom 
three branches; 1st, the ophthalmic; 2n 
maxillary ; 3rd, the inferior maxiUa/ry. 1 
third branch supplies the tongue, and 
gustatory nerve, or nerve of taste. (Motor 

The sixth pair supply the external muse 
(Motor nerves.) 

The seventh pair supply the muscles of tl 
nerves,) 

The eighth pair are the auditory nerve; 
terminates in the inner ear of the side 1 
longs. (Sensory nerves.) 

When the seventh and eighth pairs of i 
oned as one pair, the seventh is csrlled the pc 
portion), and the eighth the portio mollis (i 
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The eleventh pair, or spmal accessory nerves, arise from 
the spinal cord in the thoracic region, and snpply some 
of the mnsdes of the neck. They pass upwards on 
each side between the anterior and posterior roots of 
the spinal nerves, and receive fibres from the cord as 
they pass along to the medulla oblongata. (Motor 
fierves.) 

The twelfth pair, or hypoglossal, supply the muscles of 
the tongue. (Motor nerves.) 

All the cranial nerves, except the first and second 
pairs, may be traced to the medulla oblongata. They are 
called true nerves, while the first and second pairs, being 
really processes of the brain, are called false nerves, 

S.-STMPATSETIO SYSTEM, 

Description. This system of nerves consists of a 
double row of ganglia, situated one on each side of the 
spinal column, in the thorax and abdomen, the ganglia 
being joined together by nervous cords into a kind of 
chain. Branches passing off from thesa ganglia con- 
nect them with the spinal nerves and with other gangli- 
onic masses in various parts of the body. From the 
ganglia are given off nerves which in the main accom- 
pany the arteries, and are distributed with them to all 
parte of the body, but more especially to the organs 
contained in the thorax and abdomen. 

Functions. The special functions of the sympathetic 
system are very di£&cult to determine, bs many of its 
fibres are really derived from the spinal cord. It is 
certain that the actions of the heart, intestine, stomach, 
and some other organs, are materially affected by it. 
Indeed it seems probable that under ordinary circum- 
stances the action of these organs is maintained 
chiefly by the influence of this system, and that the 
sympathetic ganglia act as centres of reflex action. At 
the same time the actions of all these organs are liable to 
Considerable modification from the influence of the 
cerehro-spinal nerves which are so intimately connected 
with those of the sympathetic system. 



motor centres. 

Practical Section. 

Brain. DlreotionB for displaying the bra 
have already been given (p. 22). In order to 
tme of the brain it is necessary to have it 
accomplished by placing it in spirits of vine f < 
brain which was directed to be so preserved (] 
for the present purpose. A sheep^s brain, 
preferred on account of its larger size. It ma; 
the skull in the same manner as that of the rab 
of the greater thickness and strength of the bon 
sary to use stronger nippers and a saw. 

The hardened brain, whether of sheep or i 
be examined enture, and compared with the d< 
the human brain (p. 105), paying particular re^ 
of each of the cranial nerves. It will be notic< 
tory lobes are large processes from the front 
hemispheres. 

Lay the brain upon a board, insert a razor or a t 
tween the two cerebral hemispheres, and divide 1 
equal halves ; examine the cut surfaces, and cox 
scription of the human brain (p. 106), and with 

The cerebral hemisphere of one half mayn* 
successive horizontal ^ces, so as to expose the 
and to show the relation of the latter to the s 
Notice the foramen of Monro, leading from the 
third ventricle to the lateral ventricle. 

Spinal Oord. Portion r nf ♦>»'» —•--•• 
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Let a frog treated in this maimer be placed npon its belly, 
and the hind limbs extended. At first perhaps it will remain 
perfectly flaccid and motionless, except that the heart will con- 
tinue to beat. After a time, however, the shock prodaced by the 
operation will pass off, and the limbs will be drawn up towards the 
body. 

If the frog be now suspended by the neck, the limbs will hang 
down freely. Pinch the tip of one of the toes, and the limb will 
be suddenly drawn up to the body, and after some time gradually 
fall again. Stroke one side of the body with a needle. When 
this is done gently, only a slight movement of the muscles of the 
side will be observed. But if the irritation is increased the move- 
ments become more general, and at length the limbs may be 
caused to move. 

If, while the limbs are hanging down quietly, one of the toes be 
touched with dilute acid, the limb will be immediately drawn 
up. Finch the skin upon the inside of the thigh, the legs will 
kick as if endeavouring to remove the object which is irritating 
it. Put a drop of vinegar or dilute acid upon one of the thighs, 
the leg will be quickly moved about as if to rub off the acid. If, 
however, the leg be secured so that it cannot move, the leg of 
the opposite side will endeavour to rub off the acid. 

To show that all the above mentioned reflex phenomena depend 
upon the integrity of the spinal cord, pass a blunt wire down the 
neural canal so as to destroy the spinal cord. It will then be 
found that reflex actions no longer take placet 



CHAPTEE XII. 
SENSATIONS AND SENSORY ORGANS. 

Sensations are states of consciousness, due to certain 
conditions of the brain, which are brought about nor- 
mally by influences conveyed to that organ along parti- 
cular sets of nerves. The terminal fibres of these nerves 
are connected with structures termed sensory organs, 
which are specially adapted to receive impressions, as tbe 
eyes, ears, etc. Only the brain, however, is capable of 
pei'cdving sensations (p. 27). 

Some sensations appear to be definitely localized, 
while others seem more or less diffused. Of the latter 
kind of sensation are the feelings of restlessness, uncomr 
fortahlenessj fatigue, and faintness, which cannot be 
assigned to any particular part oi t\va Vi^^^ ^ixA vfl» 
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probably due to the condition of the blood or tissaes 
generally. ^ 

That peculiar sensation experienced in overcoming re- 
sistances, as, for example, in lifting a weight, is due to 
what is termed the musaular sense. It is this sense 
which enables us to judge of the relative weights of 
objects by poising them in the hand. It is quite a 
different sensation from that arising from mere contact 
or even from pressure. For example : when the hand is 
placed upon an object the sensation of contact is experi- 
enced, and if the hand be allowed to rest npon a table, 
and a heavy body be placed in the palm, the sensation of 
pressure will be felt ; it is not, however, until an attempt 
is made to raise the hand with the object in it, that the 
muscular sense is affected, and the weight of the object 
perceived. 

The se7ises are usually said to be five in number: viz., 
toiicJi, taste, smell, hearing, and sight, the sensations 
noticed above being regarded as different kinds of touch ; 
but as they differ somewhat from the sense of touch, 
properly so called, it has been thought better to mention 
them separately. 

I. The Sense op Touch. 

Organs of Touch. The sense of tonch is possessed 
by the whole external surface of the body, by tiie cavity 
of the mouth and by the nasal passages, the degree 
of sensibility varying very considerably in different parts. 
In those parts which possess this sense in a marked 
degree the dermis is raised up into numerous papilke 
(fig. 62), that are well supplied with blood capillaries 
and nerves. How the nerves terminate in the papillsB 
is not known. But where this sense is specially acute, 
as at the ends of the fingers and the tip of the tongue, 
many of the papillsB are found to contain peculiar 
rounded bodies, termed tactile corpuscles (fig. 62), which 
are connected with the terminations of the nerves. 
Tlie epidermic cells intervening "V)et7T^«n. ^'ei ^tA% 
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of the nerve and the object felt are an essential part 
of the orgaa fortonoh. The necessity for this covering 
is shown by the fact that when it is removed by bliBtering 
orotherwiae, the contact 
of the exposed parts 
with any object causes 
pain, instead of the trne 
sensation of touch. 

Nerves. The nerves 
of tonch are derived 
chiefly from the pos- < 
terior roots of the spinal 
nerves. i 

Acuteness of Touch. 
The sensibility of c 
ferent paits of the body J 
may be readily tested * 
by means of a pair of 
blnnt-potnted com- 

passes. If, while the | 
eyes are closed, t 
points be separated and applied to the skin, it will be 
found that they produce the sensation of one point, nntil 
separated to a certain distance, which varies according 
to the part operated upon. It has been found by this 
means that the tip of t^e toi^e can distingniah the 
two points when only'^ of an inch apart, the end of the 
finger at i^ of an inch. Upon the cheek the points may 
be separated one inch and yet give rise to one sensation 
only ; and it is said that npon the back a separation of 
three inches prodncea bnt a single sensation. 

The sensations of heat and cold are also felt by the 
skin, bnt it appears probable that there »e Special 
sensory nerves for this purpose. 




n. Ths S£NS8 07 TaSTB. 

Organs of Taste. The tongue is ^ 
the organ of taate i bnttbiaaeinaa \a-ttQ\,(KStS«i^'vi'^o»k 



ana on external epiineiiai myer. xnfl aii 




SBNSATIOHfl AND SJIKBO&T OBOlHd. 



117 



the middle and front. They are conioal, elongated, and 
covered with a thick epithelitun. 

Tbefungi/m^n papijlse are found obieSy npon the sides 
and tip of the tongoe, but are also scattered over other 
puis. They are nsnally expanded at their outer ex- 
tremitieB, wnence the mane. 

The cireumvcUiate papillie, about eight or ten in num- 
ber, are placed at the Imck of the tongue in the form of 
a V (fig. 53, a). They are larger than the others, and 
each couBiste <^ a circular elevatbn, 
BuiToimded by a ridge which leaves 
a gpooTe or valley between itself < 
ima the papilla (fig. 54, o). 

The papllffi of the tongue are 
called compowid because their sur- 
faces are covered by numerous small 
Kcondary papUIte, which, like those 
of the skin, are covered by theepithc- 
linm, and supplied with blood ca- 
pillaries and nervous filaments. 

In the thickness of the epithe- fio. sl rar'ii:' i^<« u^ 
Ham of some of the papillte, and {^'. T'outam ""iHii.'^: 
cspeciedty in the sides of the circnm- '°™' '• ■'™""™^'»- 
vallate papillsB, are to be found certain oval orpear-shaped 
bodies, or capsules, which ore said to open upon the siir- 





face by small ducts. These capsules have been termed 
taste- goblets i and are connected with the terminations 
of certain nerves (fig. 65). 

In order to affect the nerves of taste substances must 
either be taken in a state of solution or be soluble in the 
moisture of the mouth. 

Nerves. The tongue receives sensory nerves from 
two sources : the posterior parts (and the back parts of 
the mouth) are supplied upon each side by branches 
from the glosso-pharyngealy while the anterior part is 
supplied by the lingual branch of the j^^ nerve. 

Taste and Smell. The senses of taste and smell are 
frequently very intimately connected, and it is some- 
times not easy to decide which of them is most affected. 
Many substances lose their flavour if, while they are 
being tasted, the nostrils are closed so that the odorous 
particles cannot act on the organs of smell. 

III. The Senss of Smell. 

Organs of Smell. Immediately within the nostrils 
(anterior nares) the nasal passages pass directly back- 
wards, and open by the 'posterior nares into the pharynx, 
just above the soft palate. They are simply the lower 
portions of two cavities, called the nasal chambers, 
which extend upwards fc»^ some distance. These 
cavities are separated from each other by the partition 
or sejpt^im of the nose, which extends from the anterior 
nares upwards and backwards to the j^ostenor Tiares, 
Upon the outer wall of each cavity the mucous membrane 
is spread over three delicate scroll-like bones, lying one 
above another, and known as the superior, middle, and 
inferior turbinal or spongy bones. 

The nasal chambers are bounded below by the bones 
of the palate, which separate them from the mouth. 
They are separated from the cranial cavity above by a 
plate of bone, called the cribriform plate, which is 
perforated with many holes for the passage of the 
branches of the olfactory nerve. 
Tho o?yam of smell consist of tloie mucoxxa xcifexs^iTWi'w^ 
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lining the tipper part of the two nasal cbambera. 
Theee membranes are covered with columnar or cylindri- 
cal epithelinm; bnt between the ordinary cells arc 
to be found other 
mncb more slender 
nncleated bodies, 
termed olfactory cells 
(fig. 57). Theontei 
extremities oE these 
bodies terminate ab 
mptly on a level (or 
nearly so) with the 
cdnmnar cells , bat 
tbeir inner ends be- J 
come mnch more at- , 
iennated, and are 
probably contmnons 
with the nerve fibres 
There ia reason for 
believing that odori- 
ferous particles com- 
municate impressions 
to the olfactory cells, 
and that these trans- , 
mit the impressions . 
to the nerves. ; 

ITerveB. That por- 
tion of the mncoQs membrane which covers the superior 
and middle turbinal bones and the npper part of the 
septum, is supplied with nerves from the olfactory bulb, 
and constitutes the true oi^an of smell. The nerves are 
of the kind known as nonmedullated (p. 171). 

The lower portion, including that which covers the 
inferior tnrbinal bone, is supplied with branches from 
the fifth pair of cranial nerves. This portion of the 
nasal cavity is ciliated, bat the upper or tme olfactory 
portion possesses no cilia (p. 145). 

AotiOD. In order that the olfactory nerves may be 
affected by odoriferous matters, it seema necessary that 
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theee should be disBoIved in the moisture c< 

mncons membrane ; for nhen this membrane 
is dry the sense of smell is more or less 
[f " impaired. 

11 lu ordinary brcatJiing, with the month 
ll(, closed, the air passes ^rongh the lower 
part of the nasal chambers, on ite way to 
the glottis ; hnt little or no air passes suf- 
ficiently high in the chambers to come into 
contact with the proper olfactory portions, 
and odonrs are only commanicated to these 
parts by being diSnsed throngh the air which 
occnpies the upper part of the chamber. 
When we wish to smell an odonr more dis- 
. tinctly, we draw the air in at the nostrils 
more rapidly by the process of sniffing ; this 
canses it to jHtss more directly npwards, 
and to come into contact with the npper 

Iiortions of the chambers, and consequent- 
y into close relation with the olfoctory 



17. Thb Seksb OV HSABISO. 

The Struoture of the Bar. — (Jenerat View. The 
organs of sense hitherto considered are very simple in 
struotnre compared with those abont to be described. 
The ear and eye are both very complicated organs, re- 
qniring careful stndy. They resemble the organs of 
smell in being double, one being placed npon each side 
of the bead. 

For convenience of description the organ of hearing 
is divided into tliree parts, viz., 1. the External, 2. the 
Middle, and 3. the Internal ear. The latter of these is 
the moat important, and in it the anditory nerve ends. 
The anditory organ is lodged in the imnpored bone, the 
infernal ear being in that portion called the peti-oBol or 
jHtrsj/eirosa (Sg. 8, xa). 
S'he poaition of the pimm, or what la COTMnoii^ <;x&c& 
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ttie 6ex, is sufficiently irell known, and the relative 
positions of Hie oUier parts of the auditory organ may be 
aecn in fignre 58- 

1 . The External Ear. The external ear conaistB ol the 
pinna, a, 'which is chiefly composed of cartilage, and 




of a tnbe called the ecciemal audilory meatus, i, which 
passes directly inwarda from the pinna ; the outer por- 
tion of this tube ia cartilaginous, and the inner bony. 
The skin which lines the external meatas is supplied 
towards its outer part with nnmeroas small glands which 
secrete the ceruvien, or wax of the ear, 

2. Tlie Middle Ear, or Tympaaium. The tympanum is 
completely separated from the external auditory meatas 
by a delicate membrane, called the tympanic memhrane 
or tnemhrane of the drmn (c), ■wb.\ttb, vfi %*;i'iijcks.4. 
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Fio. 69l Sumll bones of lighi Mur, 
seen from before (twice their natmnl 
size) : a, external auditory passage ; 

b, tsrmiiauio membrane or drum ; 

c, bead of maliens, e', its handle, o"( 
its processus gxacdlis. {(iuain,) 



bone called the malleus (fig. 59, c), from its supposed 
resemblance to a hammer ; this is attached to the centre 
of the membrane by a process corresponding to the handle. 
Another and more delicate process of the maliens is called 
the processus gracilis. The head of the maliens rests npon 
a second small bone called the aiivil, or incus (d). This 
has also two processes, the shorter one being attached to 
the hind wall of the tympannm, while the longer is con- 
nected with a third bone called 
the stajpes or stirrup bone (e). 
At the point where the incus 
joins the stapes there is a very 
small nodule of bone called the 
08 orhiculare. The base or foot 
plate of the stapes fits into an 
oval aperture in the inner wall 
of the tympanum, called the 
fenestra ovalis. Thus it will be 
seen that there exists in the 
middle ear a series of four small 
bones, extending from tho tympanic memhraney across the 
tympanic cavity, to HhQ fenestra ovalis. 

The plate of the stapes is fastened to the borders of 
the fenestra ovalis by a membrane, so that this aperture 
which leads into the internal ear is completely closed. 
Just below this is another orifice, aptly termed the 
fenestra rotunda^ also closed by a membrane. 

The front part of the tympanum communicates with 

the upper part of the pharynx by means of a wide canal 

called the Eustacliian tube (fig. 58) ; both this and the 

tympanum itself are lined by a ciliated mucous membrane. 

Two small muscles must here be mentioned. The first 

passes from the floor of the tympanum to the orbicular 

bone, and is called the stapedius, "By its contraction it 

increases the tension of the membrane of the fenestra 

ovalis. The second, called the tensor* tympani, is attached 

to the malleus and the front wall of the tympanum, this 

serving to tighten the membrane of the drum. 

3. ^Ad Infernal Uar^ or Lahyrini'h. ImTCie^iaX.^^ ^Y^\\m 

fhe fenesti'a oralis a small chambeT, caWeSi ^iJaa 'oeaU^'wXe-, 
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is hollowed oat of the petroaal bone (fig. 60). Gommniii- 
cating with it are three semicircular canals (also hollowed 
out of the same bone) whose ends open into the vesti- 
bole. On aoconnt of their positions thej have received 
the names of anterior and iiosterior vertical, and external 
horizontal, lemieireulav 
canals. One end of each 
becomes dilated jnst be- 
fore entering the vesti- 
bnle, the dilatation being 
termed the ampulla. 

The vestibnle and 
canals are known as 
the hony labyrinth in ,, 
order to distingaiah them 
from the Tnemiratume 
labyrinth now to be con- 
sidered. Within the 
veatibnle is a membran- 
ous bag, the vestibular 

sac, COnsistiM of two tai«t» o.ilU ■ c niwHur a 

parts, termed the Boeeulug SuT^.i^iil.'rfl'S'-Hi. hognn moodn 
hemisphericua uid the Tiai«.rinoi;fj;a..n.ii.iria 
ulricuhig, which are separated by a thin membrane. 
Into the Iatt«r portion open three membranotu semi- 
circnlar canals, which lie in the bony canals ah^ady 
mentioned ; each has a dilatation, or ampulla, correspond- 
ing to the dilatation of the bony canal. 

The vestibnlar sac and its semicircular canals do not 
qaite fill the bony cavities in which they are lodged, and 
tbe space left is filled by a watery flnid called &e peri- 
lymph. The sac itself and the membranons canals are 
filled with a very similar flnid, termed the mdolymph. 

Within each membranons ampnlla is a transverse 
ridge bearing hair-liJce processes, which are prolonga- 
tions of the epithelial ceUa, The veatibnlar sac contains 
similar but less prominent ridges, with few or no hairs ; . 
in their place, however, are fonnd minate calcareons 
particles, termed otolithee or otocmiia. 

Commttnic&tiDg with t\ie iTOnlc cil *i&.% ^^'ts^*'^ 
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anotier peculiar canal ilao hollowed ont of the bone 
It is coiled upon itself about two nnd a half tunes □ the 
form of a snailshell, and has on th s acconnt rece ved 
the name of the cod lea The port on of bone Trhicb 




occnpiea the inside olr the coil is termed the modiolus 
(6g. 62,/). The interior of the spiral tube is divided 
throughout its length by a partition called the lamina 
spiralis (fig. 61, d) into two portions called icalce. That 
edge of the partition which joins the modiolus is bony, but 
the outer part is membranoua, and haa a very complex 
structure. The scala upon one 
side of the lamina epiralig opens 
freely into the bony vestibnle, 
and is therefore called the accUa 
vestibuli; while that upon the 
other side of the partition, being 
only separated by the membrane 

^ „„^.. „,„„ „ „,„ „ii of the fenestra rotunda from the 

SiuJXir'i'iiiKX^Mi'^in.h tipiipanmn, is called the scala 
taSi"" 'ruii^l'; nb^Hi.'ieiS^i' '^'"i"""'- These two scalm com- 
ihi mi'.'iTcmVi'^ 'ili"''iln'™S municale with each other at the 
poiiitm. ». nmwAB; ^npuainsin Summit of thc cochlca, at which 
iuiui.n>iis. («iwj~.) point the lamina spiralis is want- 

ing, and both are, aa might be expected from their free 
commanication with the vestAbalo (n(Ai ft« -^eaivbuW 
Mc^, SUed with jierilymph. 




BENBATIOHS AMI SEN30ST OBQAKB. 



125 



By reference to figure 63 it will be seen that the 
membrane of the outer part of the Umiina spiralis 
separates into two porttona, the space between forming 
a triangular canal (the scala media, c), which extends 
from the base of the cochlea, thronghoat the length of 
the huoina spiralis, and terminates with it near the 
summit of the cochlea. The upper end of this scaU is 
closed, while tho lower end opens into the vestibular sac 
hy a small dact. The membrane which separates the 
aeala media iroin ihe sealavestihuli, is known as ihemem- 
hrane of Eeiasner (li) , while that which separates the ecala 




media from the acala h/mpani is termed the basilar mam- 
Jro«e(e). The latter structure is very elastic, and the ar- 
rangement of its parts is peculiar, as may be seen by 
reference to figure 64, which represents a transverse 
section very much enlarged.' Upon that side wliich is 
directed towards the scam media, ia ^luced & ^asi nam- 
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ber of minute rod-like bodies, the fihre$ of Gortl, each 
of which consists of two portions joined at an angle 
(c, d). Upon the inner side of the Corfcian fibres (that is, 
towards the modiolus, there is a row of cells which are 
provided with hairlike bodies at one extremity ; one of 
these hair- cells is shown at e'. Outside the Cortian 
fibres there are several rows of similar cells (e, e). The 
membrane (/) which stretches over the hair-cells is 
known as the reticular membrane, and has perforations 
through which the hairs of the hair-cells project. An- 
other membrane which passes outwards from the crista 
spiralis (t) is called the memhrana tectoria (h). When 
the surface of the reticular membrane is viewed, the 
cells and fibres of Oorti are seen to be arranged in an 
extremely regular manner side by side, somewhat 
like the keys of a piano. 

Nerves. Branches of the auditory nerve pass to each 
ampulla, and to the vestibular sac. They appear to be 
connected with the epithelial cells in the neighbourhood 
of the hair-like processes and of the otolithes. 

Other branches are distributed to the cochlea ; these 
enter the modiolus, and pass by special canals in the 
bone through it and through the lamina spiralis to the 
edge of the basilar membrane. The manner in which 
they terminate is not certainly known ; but some of the 
fibres have been traced to the hair-cell. 

Functions of the Ear. Sound is the efiect of certain 
vibrations upon the auditory nerves. The vibrations of 
a body communicate wave-like motions to the surround- 
ing media, and in this way sound travels. A body 
sounding in air throws this elastic medium into a 
state of vibration, producing a series of aerial 
waves. It is found that stretched membranes take 
up these vibrations from the air with very great 
readiness. 

Sound waves may be conveyed to the auditory nerves 
jn three w&jb:— 
First. By impingiDg upon the otiV/ct svvxlwiQ ^1 KJaa 
Aead, and being teansmitted through the sxiHi^Wi^^ ol >2toia 
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skull. In this case the vibrations wonld probablj be 
almost lost before reaching the auditory nerve. 

Second. By impinging upon the pinna or concha of the 
ear and being conveyed through its substance and that 
of the walls of the external meatus to the tympanic mem- 
brane ; and thence, in a manner to be presently described, 
to the anditory nerves. 

Third. By entering the external auditory meatus, and 
impinging upon the tympanic membrane, thereby causing 
it to vibrate. There can be no doubt that the latter is 
by far the most important mode in which the vibrations 
are transmitted to the nerves. 

Sound-waves striking upon the tympanic membrane, 
cause it to vibrate, that is to move in and out with 
every wave. This motion is communicated to the mal- 
leus, and thence in turn to the incus and stapes ; so that 
as the tympanic membrane vibrates, the stapes moves 
in and out of the fenestra ovalis. 

The vibrations of the tympanic membrane are also 
conducted by the air in the tympanic cavity, and the 
sound waves consequently impinge upon the inner 
wall of the tympanum and upon the membranes of the 
fenestrsD ovalis and rotunda. 

The extent to which the membranes of the ear will 
vibrate must depend upon the tightness with which they 
are stretched. Now the stapedius muscle, when it con- 
tracts, tends, as we have seen (p.l22), to tighten the mem- 
brane of the fenestra ovalis ; while the contraction of 
the tensor tymjpani muscle tightens the tympanic mem- 
brane. The vibrations of the membranes are therefore 
controlled by the contraction and relaxation of these 
two muscles. 

The vibration of the membranes of the fenestrsB ovalis 
and rotunda causes a vibration in the perilymph of the 
bony labyrinth and cochlea ; from which the vibrations 
are transmitted to the endolymph of the membranous 
labyrinth and scala media. Finally the otoUthes and 
fibres of Corti, set in motion by the vibrating endo- 
lymph^ 80 Btimulate the filaments oi \Jcka ^^\i^\»^Y^ T^^st^^ 
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as to cause them to conyey to the brain the impression 
which we call sound. 

It has been thought that it is by means of the mem- 
branous labyrinth that we receive impressions of the 
varying intensity of sounds, while the cochlea enables 
us to discriminate between sounds of different pitch. 

It is well known that a tuning fork will commence 
vibrating if its own particular note be sounded near to 
it. It has been supposed that the fibres of Gorti are each 
tuned, as it were, to a different pitch, and that when a 
musical note is sounded, the vibrations being conveyed 
to the scala media, affect only that particular^&re of Gorti 
which is tuned in unison with the note. According to this 
view every musical sound picks out a particular Gortian 
fibre and sets it vibrating, the vibrations influencing 
the nerve filament connected with it, so as to give rise, 
in the brain, to the impression of that particular sound. 

The Eustachian tube appears to serve the purpose 
of keeping the air inside the tympanum at about the 
same tension as that outside. 

V. The Sense op Sight. 

The Bye or Organ of Vision. Structure of the Eye, 
We have now to consider the apparatus by which im- 
pressions of light are received and converted into in- 
fluences capable of affecting the brain so as to give rise 
to the sensation of light. 

The eyes are two globular bodies, lodged in two 
cavities in the front of the skull, which are termed orbits, 
and surrounded by certain appendages serving for their 
proper adjustment and protection. 

The eyeball is a hollow body nearly spherical in shape, 
of a whitish colour, and opaque, except in front, where it 
is transparent. Cutting it open, it is found to consist of 
three coats, termed respectively the sclerotic, the choroid, 
and the retina (fig. 65). The first is the external coat, 
^Iie last 28 a £ne meshwork oi nerves, etc., lining the 
back and Bidea of the interior. ImTae^vaX^^ \^ws^^ 
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> or cornea, is a space filled with 




the transparent portion 
Watery fluid, called 
the aqueous humour. 
Next comes a com- 
paratively dense lens- 
shaped mass called the 
crystalline lenSf behind 
which, and occupying 
the greater cavity of 
the ball, is the vitreous 
humour, less dense 
than the crystalline 
lens and more so than 
the aqueous humour. 

The Sclerotic. Tho 
white, shining outside 
coat or sclerotic (fig. 
65, h) is composed of 
very tough fibrous tis- 
sue, that is continued 
into the transparent 
cornea. The cornea has 
a somewhat deeper 
curve than the rest of 
the eyeball, and consequently projects a little beyond 
the general surface. 

The Choroid. On the inside of the sclerotic is the 
choroid coat (d); this consists of two portions, a vascular 
membrane which lies next to the sclerotic, and a layer 
of polygonal cells containing a quantity of brown or 
blade pigment. This coat extends over the whole of 
the interior of the sclerotic, but just before reaching the 
edge of the cornea it is raised into a number of radiat- 
ing folds termed the ciliary processes (J), 

The Iris. Immediately within the cornea is the 
small chamber {g) filled with aqueon>s hii^moitr. At 
the back of this chamber is the iris (h), a kind of 
muscular curtain, the colour of which varies in different 
individuals. In the centre of the iris is the ]su]^il of 



Fio. 65. Horizontal section of tlie left eye, view of 
the lower half, somewhat enlarged : a, coruoa : a', 
co^Junetiva ; b, sclerotic coutluaotu with e, sheath 
of optic nerre ; d, ^oroid, conaisting of two layerH ; e, 
retina ; «', macula Intea ; /, ciliary process ; a, clmniber 
containing aqneoos humour ; h, iris ; k, small chamber 
behind the iris ; I, ciliary muscle : m, canal of Petit, 
a qPAoe between the suspensory ligament; n, crys- 
talline lens ; o, large <diaxuber of the eye, oontaiuing 
the vitreous humour; p, artery in centre of optic 
nerve; g, opposite the blind spot; r, orra serrata 
at commenoement of eiliary part of retina. {Quain. ) 
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the eye, which is simply act aperture through which the 
light passes. The iris is composed of comiective and 
elastic tissues, with bloodvessels, nerves, and nnstriped 
muscular fibres. Some of the latter are arranged in a 
circle around the pupil, while others are placed radially. 
Coloured pigment cells exist throughout its substance ; 
but the inner surface is covered by a layer of dark pig- 
ment cells continuous with those of the choroid. The 
iris is attached at its circumference to the cornea and to 
the ciliary processes of the choroid. 

The Crystalline Lens. Behind the iris, between 
the aqueous and vitreous humours, is the crystalline lens 
(«) : a doubly-convex, transparent, elastic, colourless 
body, having its front face curved less deeply than the 
back. It refracts light more strongly than .either the 
vitreous or aqueous humours. 

The lens is composed of peculiar fibres^ arranged in 
a very complex manner. When hardened by boiling or 
otherwise, its substance may be peeled off in a series of 
layers, like the coats of an onion. 

The lens is contained in an elastic capsule^ and is held 
in position by what is called the suspensory ligament. 
This ligament is attached all round to the front and 
border of the capsule; and passing outwards is also 
connected with the ciliary processes of the choroid. 

The Ciliary Muscle. Between the sclerotic and the 
ciliary processes are to be seen certain nnstriped muscular 
fibres. These form the ciliary muscle (Z). They are at- 
tached to the sclerotic near its junction with the cornea, 
and passing backwards, are inserted into the choroid ; so 
that when they contract the choroid is drawn forward, 
and when they relax the elasticity of the choroid causes 
it to resume its former position. 

The Betina. At the back of the eyeball and a little 

towards its inner side, the optic nerve pierces the 

sclerotic and choroid coats, and then spreads out to form 

the retina (e), which is a delicate nervous membrane, ex- 

tending over the inner surface of tla© e^e Vj^W^ti tha 

v/?reotc3 humour and ch(n*oidy and xeacViia^ •a^^i.TVj Vi ^'^ 

ciliary processeB. 
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The Ydlov) Spot, or Macula Lutea. When a perfectly 
fresh human eye is cat across so as to separate it into 
anterior and posterior halves, there is seen in the latter, 
nearly opposite to the centre of the lens, an elliptical 
yellowish spot, the macula lutea (e) ; this is the part of 
the retina most sensitive to light. In the middle of the 
macnla lutea is a small depression, termed the fovea 
centralis. 

The Blind Spot. On the inner side of the yellow spot, 
and some little distance from it, is the point at which the 
optic nerve enters tlie eye. Bloodvessels may be seen ra- 
diating from this point over the retina. This spot, beiDg 
altogether insensible to light is called the blind spot (q). 

Microscopic Structure, The reiina, although apparently 
a simple membrane, is nevertheless a very complicated 
structure ; but in order to see this, it is necessary to 
make exceedingly thin sections perpendicular to its 
surface, and to examine them with a powerful micro- 
scope (p. 173). A portion of such a section is represented 
diagrammatically in fig. ^Qy and will be seen to con- 
sist of a series of layers of fibres, granules, and cells. 

It should be noticed that the layer (a) is the surface 
which naturally lies next to the choroid coat, and that 
marked (t) nearest to the vitreous humour. 

The layer (a) consists of a great number of minute 
cylindrical bodies arranged perpendicularly to the sur- 
face of the retina ; these are called the rods; among them 
are other bodies somewhat pyrif orm in shape, which are 
termed the cones(b). The outer granular layer (c) contains 
a number of granules, some of which are attached to the 
bases of the rods am^d cones, Nerve-fibres pass from the 
granules and probably form the layer of interwoven 
fibres (d); nerve-fibres also pass from this interlaced 
portion to the inner granular layer (e). The layer of fine 
convoluted nerve-fibres (/) is connected with the inner 
granular and with the ganglionic corpuscles (</). The 
connective tissue which naturally Ua^ «jaicrci%^3w5k ^^-^sj^^- 
Inted Sbres, appears to coniam itqltc^x^ ^^ TC5^'^'^s^^>^'^»^ 
and bence thia laver has \>eeB tectoa^ x5a^ w.^v:^^-^'^^ 
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^anular layer (e) ; so tbat they lie altogether in 
Eront of the layer of rods and cones, which, as 
we shall presently see, are alone sensitive to ligJit. 
N'lunerons small arteries supplying other parts of the 
Bje, enter at the back of the sclerotic. 

Funotions of the Farts of the Eye. All the various 
parts of the eye jast described subserve one or other of 
fcwo distinct offices. One part, namely, the retina, having 
for its function the conversion of luminous impressions 
into nervous influences, capable of giving rise in the 
brain to the sensation of light; while all the other 
structures form portions of an apparatus for throwing 
distinct images of external objects upon the retina. 

Refraction of Light When light passes obliquely 
from a rarer to a denser medium, as for example from 
air into glass, it is bent out of its straight course, or 
refracted. When a beam of light is made to pass through 
a doubhj convex lens, the refraction takes place in such a 
manner, that after passing through the lens, the rays 
converge approximately to a point, or focus as it is 
termed. The effect of this may be easily seen on placing 
a lens between a candle flame and a screen ; by moving 
the lens gradually from the screen, a point will be 
reached, when an inverted image of the flame will be 
seen upon the screen. If the lens be fixed in this posi- 
tion, and the flame gradually removed from it, it will be 
found that the image on the screen becomes less and 
less distinct. If now the lens be moved nearer to the 
screen, the image will regain its distinctness. The clear 
image might also be again obtained by substituting 
another lens of greater focal length. 

Function of tlie Orystalline Lens. The crystalline lens 
acts in jnst the same way as the lens in the above 
experiment, throwing images of external objects upon 
the retina, which forms a screen. The luminous effect 
is increased by the retina being enclosed in a chamber 
from which all other light is excluded. The eye is in 
fact a camera of a very perfect kind. When rays of 
light reflected from an object stril^e upon the corneay they 
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greater distanoe will not be clearly d 
i*etina. And as it is necessary for dist 
all objects should be clearly focnssed, it f i 
and distant objects cannot be distinct 
and the same time ; this is a fact with ^ 
well acquainted. 

Adjustment of the Eye to nea/r and distal 
means by which the lens of the eye is adji 
change its focas for near or distant 
peculiar. It can be shown by experi 
front face of the Una becomes flatter 
objects are looked at, and more convex 
are fixed upon near objects. This chan 
acknowledged to be brought about in 
manner. We have seen how that the 
to the ciliary processes of the choroid 
ligament ; now under ordinary circumst 
ment, is in a state of tension, consequ 
which is very elastic, is flatter than it "vt 
tension of the ligament were relaxed. \ 
of the ciliary muscle (fig. 65, I) draws t 
more forward ; this of course allows the 
ciliary ligament to relax, the result bein^ 
in virtue of its own elasticitv. becomefl w 
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sequence is, that the image appears more or less blurred. 
Tins is remedied by using an opaque plate or diaphragm, 
with a hole in the centre, to intercept the rays hear the 
circumference of the lens. In the eye, the iris acts as a 
diaphragm ; but with this pecidiarity, that the size of 
the aperture can be altered to admit more or less light ; 
and mrther, these alterations take place involuntarily, 
being entirely due to reflex action. If we look at a bright 
light, the effect upon the retina is such, that an afferent 
impidse is carried to the brain, and there reflected upon 
nerves connected with the muscular fibres arranged 
around the aperture of the iris (p. 130), causing them to 
contract, and consequently to reduce the size of the 
pupil. The extraordinary manner in which the pupil 
of a cat's eye contracts and dilates is a matter of fre- 
quent observation. 

The Fomt ofDulmcb Tidon. It is necessary to distinct 
vision that the image of an object be not only clearly 
formed upon the retina, but also that the image fall upon 
the nuiLcma lutea. If it fall upon any other part of the 
retina it may be visible, but not distinctly. When we 
wish to see an object clearly, we instinctively turn the 
eye into such a position that the image falls upon the 
macula lutea. 

The BUnd Spot. It has been stated above that 
this spot is altogether insensible to light; this may 
be shown in the following manner : — Make on paper two 
black dots about three inches apart ; then close the lefb 
eye, and holding the paper at a distance of about 
twelve inches, look steadily at the left dot with the right 
eye. In this position both dots can be seen. Now bring 
the paper gradually nearer to the eye : at a certain point 
the right dot will disappear. Bring the paper nearer, and 
it will again come into view. It can be proved that 
the dot disappears when its image falls upon the 
point of entrance of the optic nerve. This point is 
therefore termed the blind spot. 

The Functions of the Bods cmd Cones, The parts of the 
retina believed to be chieflv concerned in the recs'^tion 
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of the opdc nerve, is founded on i 

1. At the blind wot there are i 
many optio nerve fibres. 

2. At the macula luteay the 
vision, the layer of rods and cone 
the cones in particnlar being verj 
nerve-fibres and other layers of t] 

* 3. We have seen that the blo< 
ramify between the inner granula 
J limitary memhrcune (p. 132) ; an( 
pass through these layers before 
conc8^ the shadow of the bloodvc 
upon the rods a/nd conesy and if 
light we should expect to seethe 
Ordinarily they are not seen ; bu 
room, the eyes be directed towarc 
and a light be moved up and d 
side of one of the eyes, shadoi 
. will be seen as red branches, ci 
I dark wall. 
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steadily at a briglit spot on a black ground for a time, 
and then look at a sheet of white paper, a dark spot 
'will be seen. This is caused by the part of the retina 
on which the bright spot falls becoming for a time 
partially blinded, consequently the light reflected from 
the white paper has not the same effect upon it as upon 
the surrounding parts. 

The most curious effects of temporary blindness are ob- 
served in connection with colours. Ordinary white light 
is made up of rays of all the colours of the spectrum. 
Normally the retina is sensitive to each of these colours, 
and when they all fall upon it at the same time the 
sensation of white is produced.* If a bric'ht red spot 
upon a white ground be looked at steadily for some 
time, and then the eyes be turned to a sheet of white 
paper, a green spot will be seen. The reason is that 
the part of the retina on which the red light falls, 
becomes to a certain degree temporarily blinded to that 
colour; hence, when light from the white paper strikes 
it, the red constituent produces no effect, and the com- 
bined action of the other rays gives rise to the sensation 
of green. If a green spot be first looked at, then upon 
turning to the white paper a red spot will be seen ; red 
and green being what are known as complementary 
colours. These appearances are termed ocular spectra. 

Colour Blindness. Inability to perceive certain 
colours, called colour hlind/ness, is with some people a 
permanent infirmity. Instances are occasionally met 
with of persons quite incapable of perceiving any 
colour; but perhaps the most common and at the 
same time the most remarkable cases, are those of 
persons who cannot distinguish red from green; to 
whom red sealiug^wax and green leaves appear of similar 
tint. 

* It is not necessary that all the colours should be present in 
order to produce -white ; yellow and blue rays when combined ap- 
pear white, and so do red and greenish hluef and greenish yellow 
and violet. Any two colours which when combined produce white 
ftre termed complementary. 
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lower parts of tlie retina to the npper part c 
object, and vice versd; and similarly those x 
the right side of the retina to the left side 
and vice versd. 

The power we possess of determining th( 
tion of an object, although its image must 
upon the opposite side of the retina, is dae 
education of the visual sense. 

The Combined Action of the two Eye 
hitherto simply considered the action of a 
bat there are certain points with regard to th 
action of the two eyes which must be notice< 

When both eyes are directed towards an 
image of the object is formed upon each reti 
quently there must be two sets of impressii 
same object, although, as a rule, the mind pei 
one. It is necessary, however, in order iiu 
images may be perceived as one, that both • 
directed that the image in each falls upon the 
(or upon what have been termed corregpondif* 
3f the two eyes) ; ordinarily the requisite s 
;akes place involuntarily, but if it do not i 
he impression of two images is conveyed to 
?his is easily nrovofl T^i- 
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now the finger be gradually removed, the two images 
appear to come nearer and nearer, until they blend into 
one. 

Why it is that two images falling npon corresponding 
jpai*t8 of the two retinad are only seen as one, has not 
been satisfactorily explained. It has been considered by 
some persons to be dae to the decnssation of the optic 
nerves (p. 110) ; but it appears most probable that it 
is the result of an unconscious mental action, somewhat 
similar to that by which the inverted image upon the 
retina is referred to an upright position (p. 138). 

When a solid body is looked at with both eyes, the 
images formed upon the two retinje are not exactly 
alike, for the right eye will see somewhat more of the 
right side, and the left eye rather more of the left side ; 
so that to some extent we look round the sides of a solid 
object ; this enables ns to see objects in reliefs and to 
judge of their solidity. 

If a correct drawing were .made of a solid body as 
it is seen by the right eye, and another as it is seen by 
the left, and the images were to be made to fall upon 
cmTesponding parts of the two retinad, an impression of 
the object in relief would be conveyed to the brain. 
This is what is done by means of the stereoscope. 

Appendages of the Bye. Each eye is surrounded 
except in front by fat, which forms a soft cushion for 
it to rest upon, and enables it to be moved with the 
greatest ease. 

The Eyelids, In front the eye is protected by the 
upper and lower eyelids, or palpehrce. Each lid con- 
sists of an external layer of skin supported by a thin 
plate of soft cai*tilage. Between the skin and the carti- 
lage are bands of striped muscular fibre, arranged in a cir- 
cular manner, and forming the orbicularis muscle, which 
by contracting closes the eyelids (fig. 16). The upper lid 
is raised by a special muscle, the levator palpebrce, which 
passes from the lid to the back of the orbit (fig. 69, g). 
There is no special muscle to depress the lower lid. Both 
lids are lined with a very delicate and exceedingly sen- 
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front of the eye, 
inclodiug the cornea. 
The thickened edges 
of the lids bear the 
ejeloBhes, close to the 
bases of which is s 
row of small aper- 
tures, the openings of 
ihe dacts of the Mei- 
bomian glands (fig. 
6?). These glands lie 
' in the snbstance of the 

_ _ I eyelids, and eeorete an 

ii»^°iti{i>'u°> ^l^iJr'^D^^'^ nnctnons fluid. 
^M^'J i^'i u^b^^iullX^' '^"^ ^ Tke Laehryma 1 
-"^'"^""^ Gla,ids. Within each 

orbit, at its outer and npper part, a lat^wymai gland 
is sitaated (fig. 67, a). The atmctore of these owans 
is very similar to that of the saliyary glands. They 
secrete a saline fluid, which is ponred ont con- 
tinnally from nnmerons dncta between the eye and 
the eyelid. The flnid keeps the front of the eye 
moist, and also washes away any solid particles, which 
might interfere with the sight. This cleansing of 
the front of the eye is aasisted greatly by the frequent 
movement of the lide, in winking. At the inner comer 
of each eye is a small rounded body of a reddish colour, 
called the earunch. Above and below the camncle, at the 
extreme inner corner of each lici, ia a minute aperture, the 
puncivMi ladirymale (e), which opens into a short canal. 
The canal from the upper lid joins that from the lower 
lid, and the two together open into the dilated upper end 
of the lachrymal duct (d), which passing downwards, 
penetrates the bone, and opens mio the nasal cavity 
below the inferior turbina! bone. The secretion of the 
lachrymal glands is usually conveyed through the lackry- 
maf {iita/s into the two nasal cavitiea, w\ivcV\i.\v4l5atu 
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keep moisi, bnt when the flaid is secreted in greater 
abnndaiice, &G in certain cases of menial emotion, tho 
lachrymal dnots cannot cany it away qnickly enough, 
and the esceea flows down the cheeks as tean. 

The Muecles of the Eyeball. The eyeballs are capable of 
considerable and varied motion in their sockets by means 
of mnsdes, of which there are six to each eye, Fonr of 
tbem are straight, and are therefore called recti mnscles. 
These are attached to the back of the orbit aroand the 
foramen through which the optic nerve passes, and 
extend forwards irom thence to be inserted into the front 
part of the scterotic, one being on the opper p^f t, one be- 
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low,andaneoneach side (figs. 68, 69). Thentpei-iorreehig 
mnscle tarns the front of the eye upwards, the inferior 
rectus brings it downwards, the internal recim moves it 
inwards, and the external rectue turns it ontwards. Two 
adjoining muscles contracting at the same time tarn the 
eye in an oblique direction. 

The other two muscles are the superior and inferior 
oblique mugclei (e, f). The former arises with the four 
recti at the back of the orbit, and passes forward to the 
apper and inner comer ot tlia ■coKigai.'i^ 'Ooa "s&iix-^^^es* 
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it becomes tendinous and, passing throngh a pnlley 
(formed by a loop of fibro-cartilage), is directed outwards 
and downwards, under the superior rectus, and is finally 
inserted into the outer side of the eyeball. The inferior 
oblique muscle arises from the floor of the orbit at its 
inner and fore part, passes outward and backward under 
the eyeball, into which it is inserted upon its outer 
side. The action of the two oblique muscles is compli- 
cated, but appears to be chiefly directed to turning the 
eye upon its axis. 

Practical Section. 

The Organs of Smell. The nasal chambers may be examined 
in a rabbit killed as before directed (p. 21). Bemove the skin 
from the upper and front part of the head. Two large bones are 
exposed which pass anteriorly into the cartilages of the snout ; 
these are the nasal bones. Insert one blade of a strong pair of 
scissors into one of the nostrils, and cut through the nasal bone at 
its outer margin, extending the cut as far back as the front of 
the orbit ; do the same upon the opposite side. Now cut through 
the upper part of the septum, as close to the nasal bones as pos- 
sible ; raise the two nasal bones thus partly separated, and cut them 
away. The two nasal cavities will then be laid open. 

At the upper part of each chamber will be seen an irregular red 
mass, consisting of the [upper and middle turbinal bones, covered 
by their mucous membrane. More in front, and upon the outer 
wall of each chamber will be seen the iaf erior turbinal covered by 
its mucous membrane. The turbinal bones in the rabbit, do not 
occupy the same relative positions with regard to each other as 
they do in man, owing to the difference inform of the nasal cham- 
bers, which in the rabbit are so much elongated. 

The Ear. Having removed the skin from the head of a rabbit, 
cut through the muscles of the lower jaw so that the jaw may be 
separated from the skull. Dissect away the muscles around the 
external meatus, so as to expose completely the bony tube, 
which is continuous with the cartilage of the external ear, and 
also the bulb of bone which forms the lower part of the bony tube 
npon the base of the skull. Commencing at the most external 
part of the tube, gradually break away its lower side, piece by 
piece, with the nippers, until the membrane (the drum of the car) 
is seen, which stretches across the inner end of the tube. After 
exposing the membrane as much as possible, and examining 
it, it may be care folly torn aside ; when it mW. "be fteieti,>3a».\i \.«i N^afe 
^featraJ portion of ita inner smrface the en^i ol «k woaXi Xior^^Sa 
attached. This is the long arm oi tlie maWeua, \\ifc\i^^^\.«2a^ 
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n the upper part of the cayity of the tympanum. The 
7 now be broken away so as to expose the tympanic cayity 
illy. The position of the malleus, incus, and stapes 
)e noticed, and the manner in which the base of the stapes 

> the fenestra ovalis. The membranous labyrinth, being 
ed in the substance of the bone, is not at all easy to domon- 

but there are one or two points upon the interior of 
11 which may be noticed. If the cavity of a skull, from 
tie brain has been removed, be examined in the region of 
* a large hole will be easily seen, and a little below this 
wo smaller apertures. The smaller apertures are for the 
of the auditory and other nerves. With the point of a 
B very carefully cut or scrape away the bone which forms 
er rim of the large hole. GUie anterior vertical semicircular 
rhich arches over this hole, will in this way be opened, and 
displayed more fully by continuing the process. By simi- 
tting away the lower part of the same hole the vestibule 
opened. 

ier to display the cochlea^ use the side of the skull in which 
ipanum, malleus, incus, and stapes have been examined, 
ibed above. It will be noticed that below the stapes, that 
below the fenestra ovalis, the bone presents a somewhat 
I appearance. With the pomt of a penknife carefully 
kway this rounded portion ; the cavity of the cochlea which 
nediately within this will thus be opened, and witli care 
displayed from its base to its summit. The modiolus, with 
ina spiralis winding round it, will be seen occupying the 
f the cavity. 

Eye. The eyes of sheep serve remarkably well for dis- 
and may be readily obtained of the butcher. Fresh eyes 

> easy to manipulate on account of their slipperiness, 
erefore better for dissection to have them hardened in 
-eservative fluid. The student should, however, cut open 
wo in the fresh state, in order to see the principal parts in 
atural condition, as the transparency and colour of the 
portions become changed in the processs of hardening. 

al perfectly fresh eyes should be obtained, and some holes 
irough the sclerotic. To do this hold the eye between the 
md thumb, and with a razor cut short slits around the 
erence of the eye, about a quarter of an indi behind the 
the cornea. Place the eyes thus prepared in a solution 
nic acid or bichromate of potash for about three weeks, 
sh sheep's eye, in the condition in which it is ordinarily 
1, is surrounded by a certain amount of fat and portions 

ixamination of these parts will be mnch facilitated, if the skull be 
1 in half longitudinally, and then boiled, so that the membranes 
Bles may he cleared away, and the \)Oii<d% \&1\iQ\»»xu 
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of the red mnsoles whioh have been for the most part cut away in 
removing the eye from its sobket. Around the edges of the 
cornea a portion of the eyelid is usually left attached. At the back 
of the eye, and a little towards the inner side, the optic nerve 
will be seen entering the sclerotic. 

The fat should be dissected off, together with the muscles, and 
the eye cut in half transversely. This will be most easily accom- 
plished by holding the eye between the forefinger and thumb of 
the left hand upon a piece of cork*, and then cutting it across 
between finger and thumb with a sharp razor. 

The transparency of the cornea, lens, vitreous humour, and 
also of the retina should be noticed, so as to compare them with the 
same parts when hardened. In the posterior half may be seen, 
through the transparent vitreous humour, the entrance of the 
optic nerve and the bloodvessels which radiate from this point over 
the delicate transparent retina, the' latter spreading Uke a film 
over the whole of the interior of this half of the eye. There is no 
macula lutea in the sheep's eye. Bemove the vitreous humour 
and the retina so that the brightly coloured choroid coat may be 
seen. 

Within the front half of the eye will be seen a portion of the 
vitreous humour and the perfectly transparent lens, surrounded 
by the ciliary processesj and a portion of the retina. 

The aqueous humour is best shown by taking an entire fresh 
eye and cutting through the cornea, when this fluid will be seen 
to spirt out. 

Having examined the eye in the fresh condition, the student 
will find the manipulation of those which have been hardened 
much easier. Both transverse and longitudinal sections should be 
examined. The latter are best made by placing the eye upon a 
piece of cork, with the cornea downwards, and then, passing the 
razor through the middle of the optic nerve, cut the eye in 
half. When the razor is felt to be in contact with the hardened 
lens, cease to draw it, and finish the section by simply pressing 
it through, otherwise the lens will be drawn out of its place. 

The sections should be compared with the descriptions given 
in the former part of the chapter, and with the figures. 

In order to see the intimate structure of the retina, or, indeed, 
the finer parts of any of the sensory organs, it is necessary to pre- 
pare them in a special manner, so that sections may-be cut for 
examination with the microscope. 



* A slice of a turnip or of a carrot is better than cork for this and 
similar purposes, as the edge of the razor is not so much injured by 
coming m contact with iU 
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CHAPTER Xra. 

ORGANS OF MOTION. 



Different Kinds of Movements. All tlie more 
obyious movements taking place thronghout the body 
are caused by the contraction of muscles, which are 
therefore termed organs of motion. Besides these there are 
two other kinds of movements which take place in the 
body, viz., amoeboid movements and ciliary movements. 

The amoeboid movements are performed by the white 
blood corpuscles (p. 59) and some other cells. They are 
not very obvious, but are nevertheless considered to be 
of considerable importance in the animal economy. 

Ciliary movements are the continual vibration of cer- 
tain minute hair-like bodies, termed cilia, which are 
attached to the epithelial cells lining some parts of the 
body. They are found, for example, in the larger air 
passages of the lungs, the lower parts of the nasal cavi- 
ties, the tympanic cavities, the ventricle of the brain, 
and elsewhere. The movements take place in a definite 
direction about ten times in a second. They are such 
as to cause the fluid (mucus, etc.) upon the ciliated sur- 
face to flow in a certain direction. How the movements 
of the cilia are produced is not known ; probably it is by 
the alternate contraction of opposite sides of each cilium. 

Mvscida/r contractility is that property of muscular 
fibres in virtue of which they become reduced in length 
under certain influences ; these influences being com- 
monly conveyed to them by nerves. 

Muscles. Muscles consist of muscular fibres bound 
together by connective tissue in small bundles, which 
are then united into larger ones. The connective tissue 
penetrates between the fibres, separating them from one 
another, at the same time that it binds them together. 
Nerves and bloodvessels also are bound up in each 
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bundle, but althougli they are brought into such close 
relation with the fibres they do not enter them. 

When the fibres contract, the muscle is reduced in 
length, but its bulk is not lessened; what is lost in length 
being gained in thickness. 

Muscular fibre is of two kinds, stripped and unstriped 
(p. 167), which differ in their properties as well as ap- 
pearance. When a striped muscle is irritated, whether 
directly or through a nerve, contraction takes place 
instantly, and relaxation the moment the irritation is 
removed. In the case of unstrvpedr muscles the contrac- 
tion produced by irritation is slower, and does not cease 
with the irritation. 

All muscles retain, for some time after death, the 
power of contracting under irritation; but sooner or 
later this power goes, the muscles grow rigid, and the 
limbs become fixed in the position they may chance to 
have assumed when this stiffening, or rigor mortu, 
begins. The rigidity is produced by the coagulation of 
a fluid termed myosin. 

Unstriped Muscles. The muscles of the walls of the 
alimentary canal, the bloodvessels, the lymphatics, the 
ducts of glands, the urinary bladder, and the iris, are 
unstriped, and on account of their mode of arrangement 
are termed hollow muscles, Unstriped muscular fibres 
are also found in other parts of the body. 

Unstriped muscles are not under the control of the 
will, and are therefore termed involuntary muscleg. 

The muscles of the alimentary canal arranged in lon- 
gitudinal and circular layers, give rise to the jperistoLUc 
movement by which the food is gradually passed along 
through the oesophagus, stomach, and intestine (p. 45). 

The action of the muscular coats of the arteries in re- 
gulating the supply of blood has already been noticed 
(pp. 72, 88), so also has that of the muscular fibres of 
the iris (p. 135). 

The mnscles of the heart are of the striped kind; 
Ifni, like the unstriped muBcleB, t\iey «t^ "acA. xxxi^tst VJaa 
control of the will. Their action, \oo,\iaa «2^^^^1 Xsi^^six 
^njsidered (p. 68). 
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Striped Muscles, The greater ntiinber of these mnscles 
are under the control of the will, and are attached 
to bones which act as levers, being moved by the 
contraction of the muscles. The movement of the 
lower npon the upper arm will serve as an example of 
muscular action : the radius and ulna (fig. 73) are at- 
tached by a movable joint at a, to the humerus ; the 
biceps muscle is seen to be connected at its upper part 
with the scapula, its lower end being inserted into the 
radius near the elbow joint. Now it is obvious that 
if the biceps muscle be reduced in length, the fore^arm 
will be drawn up towards the humerus, acting therefore 
in the manner of a lever. 

It will be noticed further that the upper end of the 
biceps muscle is attached to a part which, relatively to 
the lower-arm, is fixed, while the lower end of the muscle 
is attached to a part which moves when the muscle 
contracts. In such cases the relatively fixed point of 
attachment is called the (yrigin of the muscle ; and the 
attachment of its movable end is termed its insertion. 

The extremities of muscles are usually attached to the 
bones by strong, whitish, fibrous cords, called tendons, 

Iiovers. Levers are of three orders, named accord- 
ing to the relative positions F 

of the fulcrum, or point upon ^ j^. a ^ 

which the lever is supported ; 'AT 
the weightf or resistance to w t 

be overcome ; and the power F 'j^ .i. . na P 

which is to put the lever in tfm 

motion. ft. 

In the first order the /t^^yy jrl' I T p 

erum is between the weight p 

and ijhepOWer* na. 70. Thetlire* oidenof lever: F. 

In the second order the ««i«~«»jr.power;w.wi,ht 
weight is between the fulcrum and the^ower. 

In the thi/rd order the power is between the fulcrum 
and the weight. 

Examples of all three orders are found in the body. 

Examples of the first order. \* 'Bn^ iSkm^a^^^ ^ 
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tihd lower jaw witli ilie sknll, the weight is the tension of 
the muscles which close the jaw, the pouter is exerted by 
the mnscles attached to the under part of the chin. 
Examples of the Third Order, 1. The action of the 




Fia. 78. Bonaa of tbe vcpper extoemitf, with the bioeps maMl& The bending of the 
lower xcpou Um upper Krm, aa exAmple of a lerer of the third order: a, falcrum (the ex- 
tmnity of the homerae) ; b, welyht (the band) ; e, power (the oontraction of the biceni 
miucle. which is here attached to the radiuB) ; the mnsele i» seen to be attadied to the 
■capnla by two teudoni. <Jfar«AaU.) 

elbow-joint in the bending or fleadon (p. 153) of the fore- 
arm npon the upper arm. The fulcrum is the articula- 
tion of the humerus with the ulna and radius, the 
tveight is that of the fore-arm and hand, the power is the 
effort of the biceps muscle, which is attached to the 
fore-arm jast in front of the humerus. 

2. The movement of the leg upon the thigh when it is 
bent or flexed. The fulcru^n is the point of contact of the 
femur with the tibia, the weight is that of the leg, and the 
power the contraction of the mnscles of the back of the 
thigh, which are attached to the leg near the falcrum. 

Joints. Bones which move upon one another possess 
joints or a/rticulations, constructed so as to give the re- 
quisite amount of movement, without being Uable to dis- 
placement. 

Joints may be conveniently divided into two classes, 
the imperfect and the perfect. 

Imperfect Joints. In tiiese the bones are connected by 
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ligament ov cartilage interposed between and firmly 
attached to th,em, only sncli moyements being possible as 
the elasticity of the connecting substance will allow. 

The bodies of the vertebras are connected with each 
other in this way ; the bones being joined by elastic 
fibro-cartilage, which allows a considerable amonnt of 
motion in the vertebral colamn. 

The attachment of the sacrum to the pelvic bones is 
another example of this kind of imperfect articulation. 

Ferfed Joints, In all perfect joints the articulating 
surface of each bone is covered by a smooth cartilage ; 
and between the two surfaces thus formed there is a 
closed sac closely connected with the two cartilages. The 
sac is termed a synovial capsule, and secretes into its in- 
terior a viscid fluid called synovia, which serves to 
lubricate the joint. The surfaces by which bones 
articulate to form joints have very different forms, and 
consequently the amount and kind of motion which 
can take place varies greatly. The articulating surfaces 
are kept in their places by ligaments, which are dif- 
ferently arranged in different joints. 

In some cases, as, for example, the knee-joint, plates 
of cartilage are interposed between the cartilaginous 
surfaces of the bones. 

Illustrations of Ferfect Joints. 1. The bones of the 
carpus and tarsus (pp. 11, 13) have mostly flattish articu- 
lar surfaces, and being bound together by strong liga- 
ments, are only capable of a limited, gliding kind oi 
motion upon one another. These are therefore among 
the least mobile of perfect joints. 

2. Singe Joints, in which the articular surface of one of 
the bones has more or less the form of a cylinder, and fits 
into a corresponding hollow in the surface of the other 
bone. The elbow is the best example. The lower end of 
the humerus has the form of an irregular cylinder, the 
axis of which is at right angles to that of the humerus it- 
sell. This cylinder fits into a hollow formed by the ends of 
^Ae radti^ and ulna. Movement can tek^ '^\aft^ onX-^ m 
one plane, and the extent of ttie mot\OT\ \& XvrccsXi^^ Xyj 
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olecranon process of the vH/na which f ormis the elbow, 
. prevents the arm from being bent backwards. 
) surfaces are kept in contact by ligaments which 
ronnd the joint, but chiefly by those upon the sides, 
this, as in all perfect joints, there is a synovial 
snle. The hiee is another, though not so pexiect an 
mple, of a hinge joint. 

I. When the articular surface of one bone is a ball 
Lch fits into a concave socket in the other bone, the 
it is termed a cup and hall joint. The articulation of 
head of the femur with the acetahultim of the pelvis, 
ens a joint of this character. In this case motion 
Y take place in almost any direction, but is limited 
the depth of the cup, by the ligaments which 
round the joint, and by the ligomientwn teres^ which is 
brong cord passing from a depression in the bottom 
}he cup to a pit in the head of the femur. 
[?he articulation of the head of the humerus with the 
loid caviUf of the scapula is another such joint ; but 
cup being much shaUower than that of the hip, the 
ngrus is allowed greater freedom of motion. 
k The articulation of the first and second cervical 
tebrse, atlas and axis^ as they are termed, forms 





Pig. 74. Kg. 78. 

. T4 Atlas vertebra viewed from above t a, «, the two eoneave eurfaoaa whldi 
ilate with the two condyles of the skoll ; b, neural spiue ; e, txaasvene prooess ; d, 
on of odontoid process of atlas ; e, transverse ligament. \Qray.) 

w 7S. Axis vertebra viewed from the left side : a, one of the oonvez atcrfMas artictt* 
r with atlas ; b, netoal spine ; o, transverse process ; d, odontoid proosss. {firay.) 

Sit is known as a pivot-joints The body of the axis 
produced above into a peg or pivo^ called the 
ntoid process (fig. 75^ d). The atlas ii9lb no true body. 



B BOmewtiat roimded snr&oe articulat 
ponding Bu^oe apon tlie lower face ' 
thia ansngement the atlaa is enabled 
pivot formed bj {lie odontoid prooeoB, 1 
this lateral motion ia limited b; oertuD 
Three ligaments are oonseoted iritit 
odontoid process (fig. 76) ; two x 
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ing of the lower upon tHe upper arm, the bendiDg of 
the leg upon the thigh, as in kneeling, and the closing 
of the fingers npon the palm of the hand, are instances 
€^ flexion. The straightening ont of a limb is termed its 
extension^ and the mnscles by which this is accomplished 
are termed extensors. 

When a limb is drawn towards the middle line of the 
body it is said to be adduded; when it is moyed away 
from the middle line it is said to be abducted. A limb 
is rotcUed when it is tnmed npon its axis ; it- is obvions 
that rotation cannot be complete, for in order to turn 
the limb qnite round, certain mnscles, vessels, and nerves 
would have to be torn away. The movement by which 
a limb is rotated so as to describe a cone aronnd an 
imaginary axis, as in swinging round the arm, is called 
circumduction. 

Many of the actions of the body are the result of the 
simultcuieous contraction of many muscles. The act 
of standing upright, from the ease with which it is 
performed, might be considered a very simple matter, 
but such is not the case. The body has to be balanced 
upon the ankle joint, and in order to keep the tibia and 
fibula steady upon the ankle joint, the contraction of the 
muscles of the calf and front of the leg must be so nicely 
balanced that the leg may not be bent too much forward 
or backward. The knee-joint must likewise be kept 
steady by the muscles of the front and back of the 
thigh. The pelvis has to be maintained in a proper 
position upon the heads of the femurs by appropriate 
muscles. The spinal column is kept erect by the muscles 
along its back and front, and the head is prevented from 
falling forward or backwards by the balanced con- 
traction of muscles attached to it in front of and behind 
the spinal colunm. 

The Obqan of Voice. 

The Struotore of the Larynx. The organ of voice 
is a peculiar motor apparatus, situated at the top of the 
trachea^ and termed the lanj-^wi. 
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I to which it beloDga; and the lateral enco- 

Emiisole(&),att^hedtotbeBide of the arytenoid 

<, and paesing 

rde and f orwarde, 

icoid cartilage. 

larynx is lined 

icohb membrane, 

iztends over the 
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e mnsclea and 

« cannot be aeen 
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i off. A little 

e true vocal chorda 







fold upon each p„ ^ 
me are (»lled the ^^'*f,' 

cal chords. Jnst ™^,kii''^'^.'Sl''f^ti^l^i. 
hem, upon each S^^°'aCUk!*l^£l^^^^»^iJ''iS: 
*re is a cavity, ^tiH;,'^^M'^'j;;S','";|''^,S-^'*;rt^ 
i ventricle. uitemu u,im™i 

»n of the Larynx. The tmeTooal chords are 
artont part of the apparatne, for it la their vibra- 
ich produces the voice. When they are tightly 
d and near t<^ther, they vibrate more rapidly, 
t a high tone ; bnt when they are less tense and 
Mxt their vibrations are less rapid, and a rela- 
ir tone is the resnlt. 

tightening and relaxing of the vocal chords is 
ished by the mnsclea of the larynx. It will be 
reference to figure 77 that when the crico-tkyvmd 
(d) contract, the thyroid cartilage will be drawn 
iwards the cricoid cartilage ; the conseqaence of 
I be that the distance between the arytenoid oar- 
ind the front of the thryoid cartilage will be in- 
and the vocal chorda will be stretched. At the 
ao they are still further tightened by the contrac- 
the poglenor crico-arytenoid mnsoles (fig. 78, c), 
end to draw the arytenoid cartilages backwards. 
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When the vocal chords are to be relaxed, the muscles 
just mentioned cease to contract, and the thyro-aryte- 
noids (a) come into play, drawing the thyroid cartilage up- 
wards and backwards ; the arytenoid cartilages are also 
to some extent drawn forwards by the lateral crico-ary- 
tmoid muscles (6). The posterior ainjtenoid muscle (d) 
brings together the arytenoid cartilages, and so causes 
the vocal chords to approach each other. The lateral 
erico-arytenoid muscles (&) also tend to produce the siune 
e£fect, by partly rotating the arytenoid cartilages. The 
^posterior crico-arytenoid muscles (c) cause the arytenoid 
cartilages to rotate in an opposite direction^ and the 
vocal chords are by this means drawn apart. 

During ordinary breathing the vocal chords are widely 
separated. 

The Voice. If the air be driven out of the lungs by an 
act of expiration, when the chords are in a state of tension, 
they vibrate and prodace sound. This sound is called 
the voice. 

The different musical sounds produced in singiog 
depend upon the varying degree of tension of the vocal 
chords. The compasa of the voice depends upon the 
extent to which the variations can take place. A 
practised singer can at will give the requisite tension 
for the production of any particular note. 

The quality of a voice depends npon the structure 
of the larynx. In women and children the larynx is 
smaller and the vocal chords shorter than in men; 
consequently their voices have a higher pitch. The 
longer the chords and the larger the larynx, the deeper 
the voice. 

Speech. Voice may exist without speech, as in many 
animals. Speech is the voice modified by the throat, 
tongue, and lips. In whispering the sounds are pro- 
duced by the vibration of the lips. 
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Practical Section. 

Muscular Ck>ntraotiIit7. The contractility of muscle when 
stimulated by the motor nerves with which it is sapplied, may be 
conyeniently studied in the frog. Take a frog which has just been 
killed by decapitation, and destroy the spinal cord by passing a wire 
down the neural canal, so as to prevent reflex actions. Lay the frog 
with its belly downwards upon a board, and with a scalpel make an 
incision in the skin along the back of the thigh. By carefully 
pulling the muscles apart a nerve will be seen which supplies the 
large muscle of the leg. If this nerve be galvanized, the muscle 
attached to the heel will contract, and extend the foot. It is 
better, however, to separate the muscle with nerve attached from 
the surrounding parts, being carefal not to pinch or otherwise 
injure the nerve. Tie one end of the muscle to a support^ and to 
the other end attach a weight just sufficient to keep the muscle 
sljraight. If now tiie nerve be galvanized, the muscle will contract 
and draw up the weight. This contraction takes place wheneyer 
the galvanic current is completed or interrapted, but does not 
continue while the current is uninterrupted. 

For the microscopic examination of contracting muscular 
fibres, see page 168. For amoeboid and ciliary moyements, see 
pages 63 and 159. 

Joints. The yarious joints mentioned in the jHrevious part of 
this chapter may be examined in the rabbit. In the first place the 
muscles or sinews which obscure any joint should be cleared 
away, and fhe movements of which it is capable observed. Then 
the ligaments may be cat through, so as to separate the bones and 
allow the articulating surfaces to be examined. 

The Larynx. Having removed the tongue, with the trftchea 
attached to it, from the head of a rabbit (p. 65), the glottis and 
vocid chords may be first examined. It will be found conyenient 
to cut off the greater part of the trachea and by means of pins to 
SiX upon a board the parts about to be examined. The loose 
tissues should then be dissected o£F the exterior, so as to show the 
cricoid and thyroid cartilages, and the erico-thyroid muscles. 
To expose the muscles which lie in the interior, one side of the 
cricoid and thyroid cartilages must be cut away and the mucous 
membrane linmg the interior dissected off. 



wliich treats of the minute structure of 1 
body. It has been found necessary in p 
to speak somewhat in detail of certain tis 
but little has been said concerning tl 
structure ; with this the student should 
self familiar.* 

Cells. At a very early stage of deve 
tissues of the body are composed of smi 
tides of a proteinaceous substance ca 
The exterior of these particles, or c 
termed, is very often more dense than 1 
forms a kind of membranous sac ai 
fluid portion. Within each cell is 8 
or nudeiis^ which differs somewhat fron 
cell substance. Smaller particles still 
to be seen within the nuclei ; these arc 
As life advances the cellular structure 
is lost or obscured, but in others it is i 
out life. 

Epithelium. This is perhaps the 
tissue in the adult body. It is comp< 
of nucleated cells, the deeper layers of 
stantly growing, while those upon th 
constantlv bein^ cast off or worn away. 
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The mncons membrane of the mouth is an example, 
and its cells may be easily 
examined. With an ivory 
paper-knife scrape the back 
of the tongue or the inside 
of the lips ; place the sub- 
stance thus obtained upon a 
glass islip; cover it with a 
thin cover-glass (Appendix 
p. 174), and if necessary add ^^ ^^ ^^^^^^ ^p,^^^j,^ ^^ ^^ 

a drop of water. Examine mouth (magnmed 175 dlameten). {KSlUker.) 

it with the microscope, and the irregularly formed 
epithelial cells will be easily seen. Allow a small 
drop of magenta staining fluid (p. 175) to run under the 
cover-glass, and in a short time the nuclei of the cells 
will become stained. 

2. Cylindrical or Columnar Epithelium, In the epithe- 
lium of some parts of the body, 
the surface cells are elongated 
and arranged side by side, as 
in Gg. 80. An example of this 
kind may be found in the villi 
of the intestine. Open the small 
intestine of a rabbit, just killed, 
and with fine scissors snip off 
some of the villi and place 
them with a drop of salt solution (p. 176) upon 
a glass slip ; cover with thin glass and examine with 
the microscope ; add magenta stain, and re-examine. 

3. Ciliated Epithelium, In the trachea and some 
other parts, the free surfaces of the epithelial cells are 
provided with minute hair-like processes which, during 
life, are constantly vibrating. An example of ciliary 
motion may be readily obtained. Open the mouth of a 
frog, and with the point of a knife scrape the roof so 
as to obtain a minute portion of the mucous membrane. 
Place this in salt solution, upon a slip of glass, cover, 
and examine it with the microacoi^Q. T\i^ 5»Sm^ \bss^^ 
very rapidly when quite freBh) aad «t^ >i5DL'6t^\sst^ ^^V» ^'^jss^ 




Fio. 80. Oyllndrlcal epithelium 
from a Til Ins of a rabbit's intestiue 
(maguifled 300 diameters). {KSUiktr.) 



In some giancls, ana oeruuu uuicl- poa us, 
the epithelial cells retain their globu- 
lar form, becoming neither compressed 
nor elongated, and are hence termed 
globular or ipheroidoL 

Examples are found in the gastric 
glands (p. 43). 

Take out the stomach of a cat or 
dog recently killed, open it, and wash 
with salt solution : cut out some piece 
inch square from the larger end, and pi 
of wine, or chromic acid solution (p. IS 
cientlj hardened, take a piece, and 1 
surface, embed it in wax (p. 176) with i 
for the purpose of cutting thin sectiouE 
the siiz&ce. 

Hold the wax in the left hand, and i 
cut off the thinnest possible slices, inc 
and specimen. The razor should be 
spirits or water. Allow the section to 
into a watch-glass filled with water. ^ 
tions have in this way been cut and pli 
glass, pour away the water, and rep] 
carmine staining fluid (p. 175, no. 2). < 
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idermlfl. The epidermis is oomposed of cella 
imilar to those of sqna- 
lelinm, bnt the oater- 
nne much more homy, f 
all tcaocB of naclei. * 
;iire of the epidermis 
dy heea considered 

The nails are really 
iiB of epidermis. Under 
lermit is raised np into 
parallel ridges, which 
nely Tascnlar. Upon 
pidermio cells are con- 
swing, and as they n.ro 
awards by the new cells 
slow, become flattened 
a^lntinated. At the 
Tot) of the n^ the skin 
fold, and within this 
rmic cells are constantly 
sd to the base of the 
lat it is always being 
ward, at the same timo 
increased in thickness 
ddition of cells from 

Hairs, like nails, arc 
Btraetnree. The root 

air is annk in a deep „.„..__ 

of the integnment, Jrj^"'J ;Sf ' J°'u'*Ti'""V 

lair sac (Gg. 82). At ^^tS^^";,^;?, ^;;°„°:j'ltl:'' 

I of the sac the dermis iuSi.'S''™^^ "I'liK"'! '■ 

jito a minnte papilla, V''^™^^Vf''"'-rS,^^'' 

anrface of which epi- liu»iwwtrt inrU<nliil Uwlulr; 

s are developed. These a^^a(^-ta»™^iimd.i t. 
ad become hony ; and W" "', i> "m imobn ■ thmt 
nst upwards by the ii*.^°* " "^ """"^ i'* 
developed below, form the eha/i of the 
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IiEur nbicli appears above the Bnrface of the skin. 
Aiter a certain irime a now hair eao is formed, aa a 
kind of bnd, from the side of the old one, and witbiu 
it appears a new papilla, npon which a new hair 
growB. The old papilla and sae ceaae growing, and 
eventnally die away. 

The shaft of a hair of the head conaiata of three 
portions: a central pith or medullary matter; a layer 
of elongated cells, termed the cortical snbstance (fig. 
82, b ) ; and the cuticle (c), wMch consists of closely set, 
overlapping, horny scales. 

Into each hair sac, the dacts of two sebaceous glands 
nsoally open (i) ; these glands secrete an oily fluid. 

To see the hairs in their sacs with the sebaceons 
glands, obtain a small portion of skin from, the back of a 
sheep's head, cot the hair off and pnt the skin in spirits 
of wine. When enfficiently hard, embed in wax or lay 
npon a slice of turuip, and with a razor cut thin sections. 
Place them in diluted acetic acid for a few minutes, and 
examine with the microscope. 

Cartilage. Cartilage b a firm, elastic, bluish or 
white snbstance formed of cells, bat differing very con- 
a a d c eiderably from the tissues 

^^ already considered. The 
^g cells ore nucleated, and 
I frequently contain glo- 
I bules of fat. They do not 
] lie close together, but are 
i more or less separated 
- from each other 1^ inter- 
' cellular snbstance, npon 
■ which the firmnesa and 
elasticity of the tissne 
depends. The growth of cartilage takes place by mnlti. 
plication of its celia. The cells become constricted, and 
subsequently separate into two parts ; these increase in 
size, aad intercellular substance grows in between 
tbem. Cartilago contains no ■veaatAa. 
Cartilage is very easily ptepaied it« fcxaimvau.'Cviii-wX'itt 
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ttie microBcope, as it is Bnfficientlf tough in its nataral 
condition to be readily cut with a razor. Thin slices 
should be prepared from that upon the end of the 
femur, from one of the costal cartilages, and from the epi- 
glottis ; examine with the microscope and compare them 
ConneotlTe Tieme. This jb mora widely distributed 
than any other tiasae of the body It mvesta all the 
orgaiiB, and penetrates between the parts of which they 
are composed. It is the chief constitnent of tenAont, liga- 
mentt, the ecleroUe, etc. It has a whitish appearance, and 
consists of wary fibres which may by proper means be 
split np into estremely fine filamenta or fihiillffl Take 
a veiy small portion from one of the tendons of the foot 
of a. rabbit or any small animal re 
ccntly dead ; place it upon a glass 
slip with a drop of salt solution , 
tear it to pieces with needles, cover 
it with thin glass, and examine with 
the microscope. The fine wavy 
filaments will easily be disting^uished 
Allow a drop of dilate acetic acid to 
run under the cover glass, the 
filaments will swell and become 
transparent. Occasionally fine fibres 
of elastic tissae may he seen which 
are not afiected by the acid, and ' 
also nnclei which belong to small 
elongated cells called connective tissua < 






m 



Adipose Tissue. Thia name is given to thoae por- 
tions of connective tissue in which collections of fat-celU 
are found. The fat-cells have a most distinct cell wall, 
and are filled with an oiiy or fatty fluid. They are 
g( nerally well surrounded by blood capillaries. 

Slasdo Tissue. Tibres of elastic fassue are very f re- 
quentlyfonnd mixed with those of connective tissue, from 
which tbey differ in not swelling in acetic acid, and in 
having a tendency to curl up when broken across. 

Ihke A very small portion ol fti« UgaTiieTAwm ■w>i.«\«r. 'i^. 




of the rertebrffi), tease it out with see 
of glass, io salt solation; corer and 
add dilute acetic acid, and compare tite 
produced Bpon couneotive tiesne. 

Bone. If one of the long bonea, en 
be cut longitudinally, it ff ill be seen i 
soft and spongy (^cancellated), while tl 
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iste of a basis of animal matter, in 'which phosphate and 
arbanate of lime are deposited, and it is these earthy 
aattera which give to it ita peculiar hardness. Take 
he femnr of a rabbit, and with a fin© saw cut it across, 
i'rota one of the cut surfaces saw off as thin a slice as 
lossible ; mb both sides of this with the finger or a piece 
if cork upon a flattened piece of pumice stone, until it is 
^nsiderably reduced in thickness, keeping it constantly 
Tet with water. Then rub it in the same way upon a 
lone until sufficiently transparent for examinalaon with 
■be microscope. Wash it well with a camel's hair 
)msh ; pnt it on a glass slip with a di-op of water, and 
lover it with thin glass. In such a 
lectiou it will be seen that the bone 
B dotted with small spots or holes. 
These are the bloodvessels which . 
mpply the bone with nutriment, ~ 
Mttd are called Haversian eanaU 
(fig. 87, a). Bound these the bony 
matter will be seen to be arranged 
more or less distinctly in layers, 
or lamellie. Bach Haversian caual, 
with the bony lamellte surround- 
ing it, is termed a Haversian 

tgetean. * P,„ g,. Bou l>nns .nil 

It will be further seen that there SC«S|!'°(inSi..t^°' "" 
are numbers of very small, dark, 
irregularly shaped dots, arranged in circles around 
1^ Haversian canals. These are known as laeuiKs; 
and the extremely minute lines which pass off from 
the lacunsB are termed canalicuU ; tliey ore really fine 
tubes connecting the lacunse with each other. 

In dried bones, the lacunte are minute cavities which 
being filled with air, so reflect the light as to make 
them appear black when examined with the microscope. 

A section should now be made of the same bone, in a 
longitudinal direction. The Haversian canals will be 
seen running more or less in the direction of the length 
of the bon^ and giving off brancboa ^tittV <icivMsi.tM.\i»iA 




There is a time in the life of an anim&l 
irithont bone, the positions and fornu of 
being indicated wtiterhy cartilage or oont 
it is by the deposition of calcareous Si 
tissnea that the bone is formed. This 
not take place thronghont the tisane at 
bat commences at one or store points, f 
tends to the rest of i 
example, the femnr, an 
have each three chief pc 
shaft and one for each 
do not nnite nntil (he ani 




inKmatiiTit7. 
Teeth.— Th 



-The teeth, lik 

siat of animal matters in 

ylwiphate and carbonate o 

They are composed oi 

Bnbstances, viz. : — 

1, EtKtnieZ, which oorei 
the tooth (Sgs. 90, 92), an 
sabslance foand in (he 
not contain more than (i 
animal matter. 

2. Dentine, which fonni 
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rhat difficult to cut with a Baw, bnt it can. be reduced 
a thickness hj means of a grindstone, or by rubbing 
-pon a flat atono with emery powder. 

When a longitudinal section of a tooth ia examined 
vith. the microscope, the greater part of it is seen to 
•B composed of a material in which a great number of 
■ery fine wavy lines may be traced, mnning from the 
avity esieting in the middle of the tooth, towards tho 
xterior. This material is tho dentine, and tbe fine lines 
ire termed dentinal hthilea. ' 

The ejiamel forms a layer over tho upper part of tho 
ooth, and gradually thins Fi'ft'iy as it approaches the 
leck. It consists i 
L great number i 
ine sis- sided fibn 
it extremely hard 
inbstance, set eide 
by side perpendicu- 
larly to tho SarfaCe i^ d^nlliiiu"«i^c^(?ntn°IIM>lKntmdUi^Un'n 
of tbe dentine. Hmm l >h<i¥lu( oat Iaduu >llli m suiilknii! 

Tho cement, which *'"^'""' 
serves to keep the tooth firm m its socket, may bo 
seen as a tbin layer of bone npon tho fang, and in it 
tme lacnnte with their canalicnh are visible. 

The cavity of the tooth is in tho 
fresh condition occnpied by a ttssno 
richly supplied with bloodvessels 
and nerves, which is termed the 
denlalpulp. The vessels and nerves <i| 
enter the pulp cavity by an apertare 'M 
it tbe end of the fang. 

Striped Ifusole, Striped n 
cnlar fibres are so called on account 
of tbe pecnliar transverse etriations 
which they exhibit when viewed , 
with the microscope. j 

In addition to the sheath of J , 

connective tissue by which the "'^ fximttr.) 

gbres of a muscle are all bound together, each fibre 




some of tbe ^^^^J^^^^",^ ^ 
mnch finer filao'enta. or^6r^ («? ■ »^ 
Musclar fibres, "l^^f ^^^T^ 
aoiX have a tendenoy to break acroB 
aoio, nava » ^^ ^^j^^ transverse 

" ''' tliis way to form « 
The muscnlar 
transverse striati 
I seen. Take • ■" 
of mnsde whicb 
piece of beef or 
ont with needles 
opon a glass sli 
glasB, ana exami 
Bcope. Carefnl 
cover glass will 
'm-^- fibres to break n] 
ii".iiS)7T"«d'^« To see the sai 
"i,SS^'.p 'n»°'» fresbfn^'Bmnsc 
iiB. (««in.i jjj gjj. solution; 

may be pulled apart with forceps 
fibres across: examine as before. 1 
colemma may be seen in some cases 
braue proiectinir beyond the fibre. 







PRACTICAL QISTOLOOT. i oiJ 

tTnfitriped Muscles. Vnatriped or smooth muscles 
aro composed of elongated, more or less spindle- shaped, 
cella or fibres (fig. 96) ; each cell having an elongated 
rod-like mtelsas (a). The fibres are bonud together into 
bandies by connectiTe tissne, biit have no sarcolenuan. 

The smooth mnscolar fibres ore somewhat more 
tronblesome to demonstrate than the striated. The 
easiest process is perhaps to take a portdon of the 
bladder of a frog, lay it in a solation (one or two 
per cent.) of acetic acid for a few miniites ; wash the 
sarfsces carefally with a camel's hair brash, place la 




^frss^^fj^^L,, 



water, 'i'"! examine with microscope. The mnscles will 
be seen fonmng a kind of network, and the fibrea or 
ceDs viU also be distingoiahable. 

OlBild*. The lAver. The stmctiire of this gland has 
alieadf been descrihed (p. 46)- The distribation of 
the d^riHaries can only be seen in sections of specimema 
wbicb hare been carrfnllr injected with some colottred 
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flaid. The cells of the lobules may be seen by mating 
thin sections of a rabbit's liver. SmaU pieces are placed 
for a. few days (abont fonr) in a solntion of bichromate 
of potash (bichromate of potash, 1 part; water, 100 parts), 
then in spirits of wine for two days. Embed in wai, and 
cnt sections (p. 1 ?6) ; stain with carmine solntion (No. 2, 
p. 176), and examine in glycerin. 

The Kidney. In order to see the Malpigbian tnfts 
nnd other bloodvessels, the kidney mast be injected -, 
macb, however, of the stractore of this organ may be 
made out l^ other means. Take a fresh kidney, and 
out some transverse slices as thin as possible with a 
razor ; lay them in a solution of bichromate of potash 
(see above) for a week ; then tease out a portion with 
needles; wash in water; stain with carmine (24honra), 
and examine in glycerin. 

Gastric Glands. See pages 42 and 160. 
Meibcnnian Glands. These may be observed by making 
transverse sections of the eyelid of a sheep. Prepare in 
the same manner as sections of skin (page 162), 

Nervous Tissue. There are, as we have already 
seen (p. 98), two kinds of nervous tissue, the nerve- 
corpuscles. 

Neme-Jibreg, when ex- 
amined in a perfectly 
fresh condition appear 
as transparent, sub- 
cylindrical, oily- looking 
filaments. Very soon 
after death, ordinary 
nerves undergo a pecu- 
liar change, which 
enables as to see that 
each nerve-fibre con- 
sists of a central por- 
tion, termed the axts- 
iteMi; ci|liuAei'(&^.97,oi), con- 
^"dTr, Wne4 in. a. i^vsAa 
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, however, exists between the sheath and axis, 
with an oily flnid, known as the medulla. Shortly 
death, solid matter is deposited from this flnid npon 
jides of the tnbe, and it is this change which en- 
i ns to distingnish the different parts of the fibre, 
he dxiS'Cylinder is, at least in some instances, corn- 
id of extremely delicate filaments, which have been 
ed pnmittve fibrils, 

liost of the nerve-fibres of the sympathetic system, 

J olfactory nerves, and the finer temunal portions of 

iny cerebro-spinal nerves appear to have no medulla ; 

ch nerve-fibres are therefore known as non-medullated 

rve-fihresy while those having the strncture described 

30ve are termed medullated nerve-fibres. 

In the larger nerves the fibres are bound together and 

urronnded by a sheath of connective tissue, called the 

leurilemma. 

The medulla and axis cylinder may be seen by teasing 
out with needles a portion of a largo nerve of a frog, 
in salt solution, and examining with the microscope. 

Gkknglionio Corpuscles. These are more or less 
spheroidal or stellate bodies, composed of translucent 
finely granular matter (fig. 98). 
Within this substance is a clear 
ronnd space, the mccleus, which 
contains a much smaller spot, 
the nucleolus. One or more 
processes are given off from 
each corpuscle, which, in some 
instances, are connected with 
nerve-fibres, and in others join 
similar processes from other 
ganglia. Ganglionic corpuscles 
are f onnd in the brain, the spinal 
cord, the ganglia of the posterior 
roots of the spinal nerves, the vio. w. a gaaguonio eonn 

111. I* jii • (magnified 176 diameters) from 

sympathetic ganglia, and also m ney matter of the iplnol cord.s 

'* ^ ^ < 1 ing at a, the nacleus and uveU 

some of the sensory organs. {Kmocw.) 
Preparations of them may \iQ TaaAa \s^ takm^ 
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of the ganglia from the posterior root of a spinal 
nerve of a recently killed frog, and teasing it out 
carefnllj with needles in salt solution. Examine with 
microscope, and afterwards add magenta or carmine 
solution, and examine again. A portion of the grey 
matter of the spinal cord of an ox or calf which has 
been hardened in bichromate of potash may be treated 
in the same way. 

Preparation of Sections of the Spinal Cord. For 
this purpose the tissue must be perfectly fresh. Having 
carefully removed a portion of the spinal cord (say from 
the cervical region of a cat just killed), cut it in pieces 
about half-an-inch long and place them in spirits of 
wine for twenty-four hours, and then in the solution for 
hardening nerve tissue (p. 175. No. 4), diluted with an 
equal quantity of water. After a week or ten days, 
place them in some fresh solution of full strength, and 
allow them to remain about six weeks. Try if suffici- 
ently hardened, by cutting a piece across with a razor, 
(it should have the consistency of a piece of cheese 
quite to its centre). If this is the case, embed the piece 
in wax, and cut very thin transverse sections, keeping 
the razor wet with spirit. 

The sections may be floated off the razor into a glass 
of water, and then with a camel's-hair brush be removed 
to a watchglass full of water. Pour off the water, and 
add strong carmine solution (No. 3) ; cover with a 
wineglass and allow it to stand for twelve to twenty- 
four hours. Better results are sometimes obtained by 
using the carmine solution (No. 2), and allowing the sec- 
tions to lie in it for a longer time. Pour away the carmine, 
wash quickly with water ; or, if this is found to remove too 
much colour, with spirit and water. Cover the sections 
with spirits of wine, and leave them for a few hours. 
The thinner the sections, the less time will it be 
necessary for them to remain in the spirit. One of the 
sections should now be placed upon a glass slip, the 
spirit drained away, and a drop ot Vs^o ol cx]b%ciU,\.ft 
alco^l pxit upon it. After two ox t^xee xam^yXfe^ ^x^va. 
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iway the alcoliol, watch nntil the spirit has evaporated 
ind the section is nearly dry (it must not be quite dry, 
[)Tit sodden) ; then place a drop of turpentine by the 
side of the section and allow it to run underneath it. 
This drives off the remainder of the alcohol, and makes 
the section transparent. A drop of Canada haUam 
(p. 176) should now be allowed to fall upon the object, 
and a thin cover glass, well cleaned, placed over and 
gently pressed down, the excess of balsam being 
squeezed out at the edges. Use as little balsam as 
possible, and be careful to exclude air bubbles. 

In such a section it is possible to see the distinction 
between the white and the grey portions (p. 99), the 
sentral canal, the anterior and posterior fissures, the 
Ulterior and posterior comua of the grey matter, the 
3xit of the spinal nerve fibres, the ganglionic corpuscles 
)f the grey matter with their nuclei ; and the longitudi- 
nal fibres, which, having been cut across, appear as small 
red dots surrounded by a clear space. Figure 47 was 
irawn from a section prepared as here directed. 

Preparation of Sections of the Retina. The eye 
of a pig, sheep, or frog will answer for this purpose. 
The rods and cones being much larger in the frog are 
more easily made out. The eye, which must be takeif 
from the animal directly it is killed, should have the 
sclerotic pierced with holes (p. 143) and be placed in 
Miiller's fluid (No. 6, p. 176) for three weeks. Cut the 
eye in half transversely, and with care remove the 
retina. If the choroid adheres, do not attempt to sepa- 
rate it from the retina. Place in dilute spirit for three 
or four days. Embed in wax (p. 176) so as to cut sec- 
tions perpendicular to the surface (p. 131). The razor 
must be kept well wetted with spirit or water, and 
great care will be necessary in removing the section 
from the razor to a glass slip. The sections should be 
floated off the razor. It is sometimes possible when small 
portions adhere to the wax, to lift them both together on 
to the glass slip. 

When the section, which should be eTLUe.Taal'^ t^Lvo.^ 
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has been placed upon the glass, put a drop of carmine 
fluid (No. 2, p. 175) upon it, and cover with a watch- 
glass for from fifteen to thirty minutes ; then add water, 
and allow the water to run ofi*. Repeat this until the 
carmine is cleared away, taking care that the section 
itself does not float ofi: Add a few drops of spirits of 
wine for five or ten minutes ; then treat with absolute 
alcohol, and proceed as directed for ppinal cord sections 
(p. 172). 
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Instruments required for Dissections. A knife, scissora, 
forceps, and catting nippers will be required to perform the dis- 
sections which have been proposed. The knife should be one 
of those usually made for this purpose, and of a medium size ; 
the form is not of much consequence so long as it cuts well. 
The scissors should have both blades pointed. The forceps 
should be of steel, and have the points roughened so as to hold 
firmly. The cutting nippers should be pointed, and have the jaws 
set obliquely, as they are more convenient to use. All these 
instruments are to be obtained at any surgical instrument makers, 
a&d at most good tool shops. 

Instruments, etc., required for Histological Work. 1. Micro- 
scope, A micrpscope is the most important instrument required 
for histological work, but it is at the same time the most ezpen* 
sive. Even a brief description of a microscope, and the method 
of using it, would require more space than the limits of this 
work will allow ; but it may be well just to say that in order to be 
serviceable, the instrument should have a good firm stand ; the 
motions for focussing should be smooth and steady ; and above all 
the lenses should he good. For our present purpose, it should 
have at least two good object glasses, one magnifying about 50 
diameters, and another giving an enlargement of from 250 to 800 
diameters. 

2. Qlass slips tCOver-glasseSf and watch-glasses. All these may be 

obtained at any of the microscope manufacturers. The glass 

sl/ps are UBually made three inches long and an inch wide, and it 

j's foand convezdent to use this one size. The thin glass used for 

eov&ring objeota ia oommonly about ^^^ ol Qii\n!(^\i^iDiOL^VQ.^ 

^ ^y be obtained cut in Bquares ox okoUa oi -vmo^oA vsi3.^» )^\sk« 
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watch-glasses will be found very conyenient for placing specimens 
in while staining, and for many other purposes. 

3. Bazor. For cutting sections of tissues, a razor is admirably 
adapted. Those sold as the shilling army razor ^ answer the pur- 
pose well. It must be remembered that in order to cut thin 
sections, the razor must be extremely sharp, and should therefore 
be carefully used, and occasionally sharpened on a strop, 

4. Needles. These may be purchased mounted in bandies, but 
ordinary sewing needles stuck in strips of firewood about the 
thickness of penholders, answer the purpose quite as well. To 
fix the needle in the wood, hold the needle with plyers, and force the 
point into the end of the strip of wood; withdraw the point, and 
reversing the needle, push the opposite end into the hole which 
has been made. Needles mounted in this way are required for 
pulling to pieces (teasing out) various tissues. 

Staining Solutions. Some parts of tissues, such as nuclei, 
etc. , are much more deeply stained by these fluids than others, 
and are thus rendered more distinct. 

1. Magenta Solution. One grain of crystallized magenta dis- 
solved in 50 grains of absolute alcohol, add about an ounce of 
distilled water. This is a powerful stain, and tints some tissues 
rapidly. 

2. Carmine Solution (Beale's). Dissolve five grains of carmine 
in fifteen grains of strong ammonia, add one ounce of distilled 
water, filter through blotting paper, and add one ounce of gly- 
cerin and a quarter ounce of spirits of wine. Allow this to stand 
uncovered until the smell of ammonia has almost disappeared. 

This solution is much used for staining tissues. 

8. Carmine Solution for nerve tissues. Dissolve five grains of 
carmine in 250 grains of strongest ammonia, add 50 grains 
of glycerin. 

Tlus solution is used for staining sections of spinal cord or 
brain. 

Fluids for Hardening Tissues. 1. Spirits of Wine. For all 
ordinary purposes the methylated spirit is used, it being very 
much cheaper than pure spirits of wine, and serving just as well 
to harden tissues. 

2. Absolute Alcohol. This is rarely used for hardening tissues, 
but is of great service in freeing sections of tissues from water 
when they are to be mounted in Canada balsam (p. 172). 

3. Chromic Acid Solution. Chromic acid solution is now fre- 
quently used in preference to spirits of wine for hardening some 
tissues. One part by weight of crystals of chromic acid dissolved 
in 400 parts of water is strong enough for aU ordinary purposes. 
This solution does not penetrate so quickly as spirit. A large 
quantity of the fluid shoidd be used. 

4. Solution for hardening nerve tissues. Chromic acid, one 
part ; bichromate of potash, two parts ; water^ 600 parts. This 
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Ji Qsed for Lraln and spinal eotd; it ehould be £i'at 

lith oQ equal quantily of water (p. 172). 

I 6. Miillrr't Flmd. 21, parts at biohromate of pot 

lart of sulphate of soda, dissolTod iu 100 parts of wa 

iBcd for harilerting the porta of the ejo (pp. 143 aai 

I Salt Solation. When it is dosirod to oxamiQe ce 

1 their fresh condition it ia neoeseury to do tio ii 

Irhich does not aUer them. The most eoarenieut 1 

■lurpoao is mode by dissolving one part by weiglil 

Hablo salt in 130 pnrts of distilled water. 

I Method of Embeddlns Tisaue In Wax. Wben 

:> cut aectiona of any tissue which cannot be held co: 

liD Land, it ia often advantageoua to embed them ii 

arts of paraffin aax railed ^ith about one to two 

r wliito bees-wfti and olive oil, mixed in e^nal q' 

■ised for this pnipnse. 

■ To embed the tissue : malie a mould by bending i 

If paper; a pill boi will anewer the purpose. Drj 

l>1aclDe it in spirit for a short time, uid allow it to st 

ril haa eraporated from the Burface. Place it in t 

ir round it the was (which should not be hotter I 

■ary just to mabe it fluid). When the waiis cold it 

Tint of the mould and the sections cat (pp. ICO, 172, 

I Canada Balsam for mountinB Seetions, etc. C: 

.s purchaaed at the chemiol's does not do well for i 

■ ical preparations. It should first be allowed t 

a place until quite hard and brittle, and then I 

bemoie. It should be made snfSciently fluid to 



INDEX. 



-onaiy. W ; carotia, li 



\ 13E. 



pnlniaDarr, Mg Bya- 
If mpbacic, 71. 

. of Btomacb, 16, U t 

3 ! costal, 6 i cricoid, 



■Cerebral hemitip 



cfSTiis, 



1, 26, ei; pllImaiiU7, esj 



CiroumdacliDiii IE 
CI&Tlcle, 8, 
Clot,S«. 
CiMguItUion. Se, 

sUe^lM. 

on. 19, «. " 



ora all>lcatilJf 
i quaariBomii 



Cruona, 60. 
CijstaUlue la- 



t 



I 



4i 



lacoTTmai, nu ; wormac, i*; 
pancreatic, 61. 
Daodennm, 17, 4L 

Ear, The, 120. 

Bmnlsion, 60. 

Bnamel, 38, 107. 

Bndooardioin, 06. 

Bndolymph, 123, 127. 

EndoemoeiB, 63. 

JBpldermifl, 2, 92, 161. 

Epiglottis, 41. 

BpilheUam, 168 ; ciliated, 169 ; 

cylindrical, 160j globular, 100; 

Bqaamons, 168. 
Ethmoid bone. 8. 
Bostachian tube, 122. 
Ezosmoeis, 63. 
Expiration, 81. 
Extensor muscles, 153. 
EyebaU, 128. 
EyeUds, ISO. 

Fata, 30. 

Faaces, 80. 

Features, 8 

Femur, 11. 

Fenestra oralis, 122. 

Fibrin, 29. 

Fibrinoplastin, 60. 

Fibrinc^en, 60. 

Fibres of CJorU, 120, 127. 

Fibula, 12. 

Filum terminale^ 20. 

FiBsnreg of spinal cord, 99; of 

brain, 106. 
Flexor muscles, 122. 
Floating ribs, 0. 
Fluid, pancreatic, 90 ; 83Tiovial, 90. 
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Glenoid ca' 
Globulin, 2 
Glosso-pha 
CHucoee,31 
GranuUurh 
Gyriof bra 

Hsmatin, i 
Hsemoglob 

Hairs, 94,1 
Haversian 

Heatprodi 

Heart, 13, ( 

Hepatio ai 

18; vein, 
Hioooagfa, 
Hilus,94 
Humerus,' 
Humour, t 

129. 
Hyoid, 10. 

neo-csBcal 
Ilium,7, 44 
Incisors, 3S 
Inferior tui 
Inorganic i 
InsaJiyatio] 
Insensible] 
Incus, 122. 
Interlobula 
Intestines, 
Intestinal c 
Intercostal 
Intenrerteb 
Intralobula 
Iris, 129, 13 
Iron, 32. 
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Laoteal8,76. 
Lacteal Teasels, 45. 
Iiaotic add, 31. 
Lactin,31. 

Ti ftpn-nm of bOnO, loO. 

Ij f^TniTia BpiraliSt 126. 
jjBtryax, 77, 163. 
lAyera of retina, 131. 
Xjenticiilar glands, 46. 
Levers, 147. 
liieberknhn's glands, 46. 
Ligaments, 18; lateral of liver, 47. 
Ligamentum teres, 151 ; nuchsB, 1C3. 
Lime, phosphate of, 31; carbonate 

Limitaiy membranes of retina, 132. 

Liquor sanguinis, 65. 

Liver, 18, 46, 169. 

Lobes, 18, 47, 106. 

Lobules, 47. 

Lumbar vertebra, 6. 

Longs, 16, 77, 94. 

Lympb, 76. 

Lymphatics, 73. 

Lymphatic glands, 74. 

Macula lutea, 131, 136. 

Malar bone, 9. 

Malleus, 122. 

Margarin,31. 

Mastication, 40. 

MaxillarieB, 9, 10, 110. 

Meatus, auditory, 131. 

Medulla of bone, 164 j oblongata* 82, 

104, 106. 

Membranateo(oria,126. 

Membranes, basilar, 125 ; limitary, 
133 ; muooui, 3, 90 ; of Ressner, 
126; synoviiU, 90; tympamc, 121. 

Mesentery, 18. 

Metacarpus, 11. 

Metatarsus, 12. 

Milk, 36. 

Mitral valve, 67. 

Molars, 38. 

Molecular layer of retina, 131. 

Mouth, 37. 

Mucus, 3. .3 tMA 

Muscles, 3, 146; arytenoid, 164; 
crico-arytenoid, 164: intercostal, 
80; oblique, 141; of the eyeball, 
141 ; striped, 14ir, 167; thyroaryte- 
noid, 164; unstriped, 146, 169. 

Muscular coat of intestine, 46. 

Myosin, 29, 146. 

Nails, 94, 161. 

Nares, 40. 

Nasal bones, 9 ; chambers, lis. 

Nerve fibres, 170. ,^ --. * 

Nerves, 16, 98, 116, 118, 119; aflterent, 
98; auditory, 110, 126; cerebral, 
109; oerebro-spinal, 98, uij 



eflterent, 98; false. 111; gJoBSo- 
pharyngeal,110; hypoglossal, ill; 
motor, 100; olfactory, 109; optic, 
110, 136 ; pneumogastnc, 68, 110 ; 
sensory, 100; spinal, 100; spinal 
accessory. 111; sympathetic, 72, 
98 ; true. 111 ; vaso-motor, 112. 

Nervous system, 26. 

Neural arch, 6 ; canal, 6, 19 ; spine, 6 

Nitrogenized substances, 29. 

Nucleoli, 168. 

Occipital bone, 8; foramen, 152, 
Odontoid process, 151. 
CEsophagus, 16, 41. 

01ein,3L 

Olecranon process, 150. 

Olfactory cells, 118 ; nerves, 109. 

Optic nerve, 139; thalamus, 110. 

Organs,!. 

Os innominatum, 7j orbiculare, 122. 

Osmosis, 64. 
Osseous, 2. 
Otoconia, 123. 
OtoUthes, 123, 127. 
OjLidation. 87. 

Palate, 37. 
Palatines, 10. 
PaUor, 71. 
Palpebrse, 139. 
Palpitation, 69. 
Pancreas, 18, 60. 
Pancreatic juice, 62. 
Pancreatin, 61. 
PapillsB, 116. 
Paraglobulin, 66. 
Parietals, 8. 
Parotid gland, 54. 
Pars petrosa, 120. 
Patella, 12. 
Pelvis, 6 ; of kidney, 04. 

Pepsin, 30. 

Peptone, 44. 

Pericardial fluid, 16. 

Pericardium, 16, 66. 

Perilymph, 123. 

Periosteum, 166. 

Peritoneum, 18, 97. 

FeristalUo movements, 46. 

Petrosal, 120. 

Peyer's glands, 46. 

Phalanges, 11. 

Pharynx, 16, 40. 

Phosphates, 81, 32. 

Pia mater, 20. 

Pineal gland, 107. 

Pinna, 120, 121. 

Pituitary body, 107. 

Plasma, 65, 68. 

Pleura, 16. 

Pneumogastric nerve, CS. 

Pons Varolii, 106. 
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Poise, 71. 
Pnnctom lachxyinale, 140. 
Pupil, 1S9. 
Pyloric, 16. 
Pylonis,4S. 

Pynmids of kidney, M j of mednlla 
oblongata, 106. 

Badiiii,ll. 

Beetom, 18, 40, 141. 

Beflez nerrona action, 8S, 109 

Bespiration, 77. 

Retina, 128, 180, 173. 

Bibs, 6. 

Bods and cones, 131, 135. 

8aconli,40. 

Bacnun, 6. 

Sarcolemma, 168. 

Salivary glands, 89 ; membranes, 90. 

ScaJa media, etc., 125. 

Scapain, & 

Sclerotic, 112. 

Secretion, 89. 

Semilunar valyes, 68. 

Senses, 118. 

Sensory organs, 113. 

Serous membranes, 90. 

Serum, 66. 

^hing, 81. 

Sigbt,128. 

Skeleton 5. 

Skin, 02. 

Skull, 8. 

Smell, 118. 

Sneezing, 82. 

Sniffing, 82, 110. 

Speech, 166. 
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Tongue, 116. 
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Trachea, 16, 
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